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Table F-1

Predicted Drawdown in Stand Pipes During Dewatering (K, = 1x 107 en/sec)

SP-1 5P-2 SP-3
(days) | GW Elev. (-MS5L) | Drawdown (it})] % of Targe! Drawdown} GW Elev. (I-MSL) { Drawdown (fi}] % of Target Drawdown} GW Elev. {ft-MSL) | Drawdown (ft); % of Target Drawdown
0 588,74 0,00 0% 586.91 0.00 0% 584.87 0.00 0%
7 587.28 -1.46 7% 686,46 -0.45 2% 584.27 -0.60 4%
14 585,33 «1.96 17% 585.05 1.4 10% 583.05 -1.22 11%
21 583.29 -2.04 27% 583.38 -1.67 20% 581.62 -1.43 20%
28 6B1.22 -2.07 37% 581.59 -1.79 30% 580.08 -1.54 29%
35 579.2% -2.01 48% 6570.78 -1.81 40% 578.49 -1.59 39%
42 577.27 -1.93 56% 577.97 -1.82 80% 576.84 -1.64 49%
49 575.41 -1.86 65% 576.18 -1.79 60% 575.18 -1.66 59%
56 573.61 «1.81 T4% 574.41 -1.76 70% 573.52 -1.67 69%
63 571.91 -1.70 82% 572.74 -1.68 79% 571.93 -1.59 79%
70 570.54 -1.37 28% 571.20 -1.44 87% §570.62 -1.31 87%
77 560,78 -0.78 92% 570.27 -1.02 93% 569.89 -0.74 92%
B4 569.28 -0.50 95% 569.84 -0.43 95% 569.49 -0.40 94%
92 568.73 -0.55 97% 569.42 -0.42 97% 569.01 -0.47 97%
100 568.16 -0.57 100% 568.93 -0.49 100% 568,50 -0,51 100%
Total Drawdown (it): -20.58 -17.98 -16,37

590.00

Predicted Drawdown Versus Time In Stand Plpes

585.00 ¢ -u-

Groundwater Elevation (ft-MSL)

565.00 y

20

30

40

T

50

Elapsed Time (days)

60

70 80

100

Notes:

1. Predicted drawdown in stand pipes are hased on a groundwater mode! slmutation.

2. Inltial groundwater elevations (at T = 0} are based on recent high water table conditions.

3. Aclual groundwater elevallons at the time of dewatering system start-up may reduce the total change in elevation required
to reach the target groundwater elevation.

CAU/caw/
M:\obs\1242\330\0 1\Cawsp_lowKwalt.xis

10f 1



Tuble F-2
Predicted Drawdown at Leak Deteciten Sumyp Locations During Dewatering (K, =1 x 107 cmy/sec)

' Time NS511 D81-2 Bs21 Dsz-2
(days) | GW Efev. {ft-MSL) | Drawdown (i)} GW Elev. (ft-MSL} | Drawdown (f}] GW Elev. (ft-M5L) | Drawdown (fi)] GW Elev. ({t-M5L) } Drawdown (ﬂ)
0 586.66 0.00 589.37 0.00 586.72 0.00 589.04 0.00
7 585.28 -1.37 588,10 -1.28 584,74 -1.98 586.45 -2.68-
14 583.61 -1.68 585.94 -2.18 582.75 -1.88 583.90 -2.55
21 581.97 -1.64 583.73 -2.20 580,80 -1.84 581.58 -2.32
28 580.29 -1.68 581.62 “2.11 579.09 -1.81 579.39 -2.18
35 578.59 -1.70 579.89 -1.73 577.30 -1.80 577.30 «2.08
42 576.86 -1.73 578.22 +1.67 575.50 -1.80 575.28 -2.03
49 b75.15 -1.71 576.57 -1.65 573.73 -1.77 573.34 -1.94
56 573.45 -1.70 574.80 -1.67 572.04 -1.70 571.50 -1.84
63 571.81 -1.64 573.25 -1.65 570,73 -1.30 570.07 -1.42
70 570.43 -1.38 571.82 -1.62 569,88 -0.87 £69.32 -0.76
77 569.68 -0.75 570.28 -1.34 569.26 -0.60 568.62 -0.69
84 569.10 -0.58 569,57 -0.71 568.68 -0.68 567.95 -0.67
92 568.47 -.63 568,87 -0,70 ) 568.04 -0.63 567.22 -0.73
100 567.86 -0.61 5668.18 -0.69 567.43 -0.62 566.52 -0.71
Tolal Drawdown (it} -18.80 -21.19 -19.29 -22.52

Predicted Drawdown Versus Time In Stand Pipes

o 43 [43] [8)]
~J @ es) [{a]
a o o o
[} o o [}
[} (s} [} Q

Groundwater Elevation (ft-MSL)

565 .00 T T T T T T T T T
0 10 20 30 40 50 80 70 80 90 100

Elapsed Time (days)

. Notes:
1. Predicted drawdown at Leak Detection Sump locations are based on a groundwater model simuiation,
2. initial groundwater elevations (at T = 0) are based on recent high water table conditions,
3. Aciual groundwaler elevations at the time of dewatering system start-up may reduce the {otal change in elevairon requirad
to reach the target groundwater elevation.

CAU/cau/
M:\obs\1242\330\0 1\Cau\ds_lowKwall.xls
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Table F-3
Estimated Well Loss for Dewatering Well with Greatest Drawdown Ky =1x 107)

USS WELL LOSS CALCULATIONS - K. = 1 x 107 cm/sec

Qwi{@ 100 days). 14439 ft3/day = 75 gpm
Qwt{@>100 days) 1925 ft3/day = 10 gpm
K : 38 ft/day

re 7.28 ft

rw ‘ 051t

hij = simulated head in cell containing pumping well

hw = (hij*2 - (Qwt/(PI"K)Y*LN{re/rw))?{1/2)

{hw is the correction required to determine the head in the wel from the head in the modei cell)

h (50% eff} = ho - (ho-hw}/Q.5

h (80% eff} = ho - (ho-hw)/0.8 where ho = initial head at time of dewatering system stari-up.

Lowest Model Head Value Occurs in Cell Associated w/ Well:
EwWo4

T Wi hw  ho h(50% eff) h(80% eff
100 561.14 560.85 585.57 536.13 554.67

Note:
Maximum drawdown within dewatering welis occurs at T = 100 days, at which time target groundwater elevations are met.

CAU/caw/
M:\jobs\1242\330\01\Cau\WelllLoss_fowKwall.xls 10of1
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FACIL[“ES DEVELOPMENT MANUAL Procedure 13- l{_)-: @op 7,“
t
RUNOFF COEFFICIENTS (C), RATIONAL FORMULA
“yciraiogic Sodt Grouo
a 8 fad 1 o
Percent Stope Range (Percent! Swoe R (Percenst M P
Impetvious pe 9 oD Flange frerceni Slope Fange iFeccent! Sigpe Runge WPercennt
and Ute area 0-2 | 2-6 ]88 Over 0-2 2 6 16 & Over 0.2 12 6658 Cver 0-2 §2-8]6&Over
ngusteiat 90 06?7 | 068 068 063 068 0.69 o068 | 0e9 069 063 | 069 0.70
08s 085 0.86 08s 088 086 086 D &6 cs7 0BG 086 QBB
~ammercal 9% a7t Jon 0.72 0.7 072 0.72 or2 { 032 072 a7z | 0.72 072
088 0289 cBg 08% 08% GES QB9 g82 090 0838 0B89S 090
Hign-Density
Resigential 60 047 | 049 0350 04g G350 052 D4g | DS 054 051 | 083 056
058 | 060 061 059 061 0.64 060 | 082 065 062 | 064 069
Meduwum-Densy
Fesgential . 30 025 | 028 03t 027 030 035 030 {-0.33 0238 032 | 036 042
033 037 040 035 033 044 038 04z 048 o 045 054
Low-Densedy
Resscenual . 15 014 | 019 0.22 0.7 o 026 020 } 025 031 w24 | 028 03s
022 026 029 124 025 g34 0.28 032 040 axn 035 046
Agricutiure. | . . 5 008 {013 0.16 0.1 0.1s 021 &4 | QI8 026 08 § 022 031
014 {018 022 016 o 028 020 | 025 034, 02a | 02¢% 041
Open Soace . . 2 on0s | cao 014 o008 3 013 012 | 017 024 G16 | 023 028
011 {016 @ 014 jo1a]| o026 018 | 033| 03z 022 |oz7| o33
Freeways and
Z rpressways 70 057 | 0ss 060 058 060 o061 059 | 061 063 oen | 052 064
070 0T 072 on 072 0.7 072 | €73 0.78 0713 f07s 078
Saurce SEWRPC. DETAIL B
RUNOFF COEFFICIENTS FOR SPECIFIC LAND USE
Hydrologic Soil Group
A B C n
Slope Range (Percent) Slope Ramge (Percent) Slope Range {Percent} Slope Ranae (®ercent)
L2HD USE: 3.2 1 2-616&0er |0-2 J2-6 {680ver {02} 2-6 {6 taver {0-2 | 2-6]6 & fver
Jow Croos .08 .16 .22 W12 .20 .27 15 .24 .33 .18 .28 .38
.2z .30 .33 .26 .34 - .30 .37 .50 .34 -4 .56
“fa4ian strip- .19 .20 .24 .19 .22 .28 .20 .23 .30 .29 .25 .30
turs 2871 .26 .30 .25 .28 .33 . .26 .30 .37 .27 .32 .40
Side slope- .25 27 .28 ! .30
turf .32 134 .36 .38
PAVEMINT:
fspnalt J70 - %%
Concrete -80 - %
Srick -70 - .80
Brives, Halks 5 - UBS
o0fs 75 - .95
Gravel Boads .A0 - 60

Snoulders

NOTE: The lower C values in each range should be used with the relatively low

intansities associated with 2-to 10-year design recurren

ce intervals whereas

the higher C values should be used for intansities associated with the longer
25-to 100-year design recurrence intervals.
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U.S. Steel
Perimeter Swale Depth for Area A

Swale Sizing Using Vegetative Retardance Curves

Set Design Data
Bottom Width (B) (ft) 2 17
Sideslope (Z:1) 3 |-
Channel slope (S} (ft/ft) 001 |-
Maximum Flow (Q) (cfs) 6.5 -
Retardance Curve C -
Solve for Flow Depth (Y) (ft} 1.15
V1 must be equal to or close to V2
Result Try Smaller Y
Calculations
Area (A) 6.2675
Hydraulic Radius (R) 0.67587
Velocity (V1) 1.0371 , |
Product (V1 *R) 0.70004 L& Lo
Velocity (V2 1.10339 -
Mcnnti}f,'\é;‘s )N 004 Frecoses = S
- Aegion ©= &
AAG/aag/

MAI242\330\0 FPerswaleDepthA.x1s
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U.5. Steel
Infermediate Swale Depih for Area A

Swale Sizing Using Vegetative Retardance Curves

Set Design Data
Bottom Width (B} (ft) 0
Sideslope (Z:1) 3
Channel slope (S} (fi/ft) 0.01
Maximum Flow (Q) (cfs) 1.9
Retardance Curve C

Solve for Flow Depth (Y () 1.21

V1 must be equal fo or close io V2

Result Try Larger Y

Calculations '
Area (A) 4.3923
Hydraulic Radius (R) 0.57395
Velocity (V1) 0.43258
Product (V1 *R) 0.24828
Velocity (V2) 0.42877
Manning’s N 0.24

AAG/aag / L g
JA12424330\0 1 \IntswalesDepthA xIs
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U.S. Steel

Perimeter Swale Depth for Area B

Swale Sizing Using Vegetative Retardance Curves

Set Design Data
Bottom Width (B) (ft) 2
Sideslope {Z:1) 3
Channel slope (S) (ft/ft) 0.01
Maximum Flow (Q) (cfs) 8.4
Retardance Curve C
Solve for Flow Depth (Y) (ft) 1.2
V1 must be equal to or close to V2
Result Try Larger ¥
Calculations
Area (A) 6.72
Hydraulic Radius (R) 0.70077
Velocity (V1) 125 -
Product (V1 *R) 0.87596 L
Velocity (V2) 1.23741
Manning’s N 0.095
AAG/ag/

M:\1242330\0 N\PerswaleDepthB.xis
1242330.01160101-MD
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U.5. Steel
Intermediate Swale Depth for Area B

Swale Sizing Using Vegetative Retardance Curves

Set Design Data
Bottorn Width (B) (ft) 0
Sideslope (Z:1) 3
Channel slope (S) (fvft) 0.01
Maximum Flow (Q) (cfs) } 3.4
Retardance Curve c

Solve for Flow Depth (Y) (ft) 1.25

V1 must be equal to or close to V2

Resuit Try Larger Y

Calculations
Area (A) 4.6875
Hydraulic Radius (R) 0.59293
Velocity (V1) 0.72533
Product (V1 * R) 0.43007
Velocity (V2) 0.70107
Manning's N 0.15

D=1.25 LPF‘QPOS.Fd ok

AAG/ag [C B
JA12423300 \intswalesDepthB.xls
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GEOSYNTHETIC LABORATORY TEST RESULTS

Geomembrane EPA 9090 and GCL Compatability Laboratory Test
Results (December 1997)

Geomembrane EPA 9090 Laboratory Test Results (February 1998)
Geotextile Biological Clogging Laboratory Test Results (September 1999)






@ MONTGOMERY WATSON

One Science Court

P.O.Box 5385 -

Madison, Wisconsin 53705-0385
Tel: (608)231-4747

Fax: (608)231-4777

To: File 1272035.01090090 Date: November 8§, 1999
From: Val Ranguette
Subject:  Geosynthetic Laboratory Results

Grand Calumet River Sediment Remediation Project

CAMU Design

U.S. Steel - Gary Works

Geosynthetic laboratory compatibility testing was performed on proposed, typical
geosynthetic materials that are proposed for the liner system for the Grand Calumet River
Passive Dewatering Facility (PDF) for U.S. Steel - Gary Works. Testing was performed by
J&L Testing Company, Inc. of Canonsburg, Pennsylvania. Geosynthetic compatibility
testing consisted of the following tests:

« EPA 9090/ASTM D35747 - Geomembrane Compatibility Testing
« ASTM D3084 - GCL Compatibility Permeability
« ASTM D1987 - Geotextile Biological Clogging

Each of these compatibility tests were performed with the synthetic leachate that was
developed based on testing previously performed with the river sediments. Refer to the
synthetic leachate testing program in the Permir Level Design Report, Passive Dewatering
Facility, Grand Calumet River Sediment Remediation Project U.S. Steel - Gary works,
Gary, Indiana (December 1997).

EPA 9090/ASTM D5747 - GEOMEMBRANE COMPATIBILITY TESTING

A typical 60-mil HDPE geomembrane sample manufactured by National Seal Company
(NSC) was tested in accordance with EPA 9090/ASTM D5747. This test exposes the
geomembrane to the synthetic leachate by immersion for 120 days at elevated temperatures.
At specified durations (30, 60, 90, and 120 days) the geomembrane is tested for physical
and chemical properties to determine if a change in the geomembrane bas occurred due to

Geosvntheric Compatibilicv Laboratory Resolts  November 8. 1999 .S, Steel GCR-CAMU
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exposure to the synthetic leachate. Three test groups were used and the geomembrane
coupons were prepared for testing. These three groups consisted of the following:

« Baseline - These samples were tested from the geomembrane as it was delivered
to the laboratory and were not exposed to the synthetic leachate.

« Group 1 - These samples were exposed to the synthetic leachate maintained at 23°
C(73°F).

« Group 2 - These samples were exposed to the synthetic leachate maintained at 50°
C (122° F).

At 30 day intervals, up to 120 days, the geomembrane samples were removed from the
syntbetic leachate and tested for the following measurements and tests:

» Thickness

« Density

« Tensile Properties

« Tear Resistance

« Puncture Resistance
« Hardness

» Volatiles

» Extractables

+ Secant Modulus (2%)

A summary of the laboratory test results are included in Table 1 for Group 1 samples (23°
- (), and_ Table 2 for Group 2 (50° C) samples. The percent change in the test results
compared to the baseline results were reviewed and compared to the suggested limits of
different test values for incubated geomembranes as presented in Table 5.9(b) of Designing
With Geosynthetics, by R. M. Koemer (1994) (see attached). Based on the values in Table
3.9, the typical 60-mil HDPE geomembrane sample was resistant to the synthetic leachate.

=

concluded that a typical 60-mil HDPE geomembrane is resistant to the chemicals that are
anticipated to be in the leachate that will be generated in the PDF. A typical 60-mil HDPE
geomembrane can be used in the liner systern and is expected to maintain its integrity in
providing a relatively impermeable layer even if exposed to the leachate over a Jong period
of time.

As-a tesult of the EPA 9090/ASTM D5747 geomembrane compatibility testing, it was

ASTM D5084 - GCL COMPATIBILITY PERMEABILITY

A typical geosynthetic clay liner (GCL) sample, Bentofix NW, manufactured by NSC was
tested in accordance with ASTM D5084. This permeability test allowed the synthetic
leachate to permeate through the GCL to determine if the anticipated leachate generated in

Geosvnthetic Compatibility Laboratorv Results  November 8. 1999 1.8, Steel GCR-CAMU
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the PDF had an effect on the GCL’s permeability. To simulate actual field conditions, the
GCL was first permeated with water to saturate the GCL, since the GCL, below the HDPE
liner, will first be exposed to moisture in the soils that will hydrate the bentonite. After the
GCL was saturated, the synthetic leachate was used as the permeant liquid. Two samples
were used for testing the effect that the synthetic leachate had on the permeability of the
GCL. These two samples consisted of the following:

« Baseline - This sample used well water for the permeant fluid for the entire test.
‘The well water was obtained from J&L Testing’s well located in Canonsburg
Pennsylvania. '

« Sample | - This sample was saturated with well water and then the permeant fluid
was switched to the synthetic leachate.

Both samples were monitored for a minimum of 90 days from the date that the permeant
was switched to the synthetic leachate.

The results of the hydranlic conductivity verses time are shown on the attached graphs.
Graph 1 is for the baseline sample. It shows that the long-term hydraulic conductivity of
the baseline sample is 2.0x10”° cm/sec. Graph 2 is for Sample 1. This graph shows that the
long-term hydraulic conductivity of Sample 1, with the synthetic leachate, is 1.8x 107
cm/sec. This result is nearly equal to the baseline sample.

Based on these results, it is concluded that a typical GCL is resistant, based on its
permeability, to the chemicals that are anticipated to be in the leachate that will be
generated in the PDF. A typical GCL can be used in the liner system and is expected to
maintain its integrity in providing secondary containment even if exposed to the leachate
over a long period of time. B

ASTM D1987 - GEOTEXTILE BIOLOGICAL CLOGGING

One geotextile, consisting of a non-woven, needle-punched polypropylene supplied by

eosynthetic Inc., was tested for biological clogging in accordance with ASTM D1987.
Ounly a polypropylene geotextile was tested, rather than both a polypropylene and a
polvester geotextile because only one manufacturer 1s currenily producing the polyester
geotextile.

This test was performed under anaerobic conditions with no soil column above the
geotextile, so that if biological growth occurred it was readily known that the synthetic
leachate caused the growth and not organisims in the soil. This test allowed the synthetic
leachate to permeate through the geotextile to determine if the leachate that will be
generated in the PDF will generate biological growth in the geotextile and have an effect on
its permeability.

Geosvnthetic Compatibility Laboratorv Results  Novermber 8. 1999 U.S, Steel GCR-CAMU
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The test was performed for a period of 90 days. For the first six days of the test, the flow
through the sample was continuous. For subsequent readings, through the 90 days, the flow
was initiated and allowed to stabilize for 30 minutes each time the data was collected. For
each reading period the flow measurements were taken at three head differentials; 2 inches,
4 inches, and 8 inches. The attached Figure 1 shows the relation between the elapsed time
and the flow rate during the 90 days, for each of the three gradients.

Based on the Figure 1, it can be noted that the flow rates decreased significantly after the
first 6 days when the flow was terminated between each reading (as is recommended by
ASTM D1987). At the end of 90 days the flow rates ranged from 3 to 11 gpm/sf for the
different gradients. The permittivity of the material was approximately 0.01/sec. It was
noted when the test was disassembled that the up gradient side of the geotextile had a thin
coating of a dark gray gelacious matter on the fabric surface. This thin veneer, which
coated the fibers, is likely responsible for the deduction in flow rate over time.

Based on these results, it is concluded that a typical geotextile may be susceptible to
clogging based on its flow rate when exposed to the chemicals that are anticipated to be in
the leachate that will be generated in the PDF. Therefore this consideration must be taken
into consideration during the final design of the liner system.

VIRAVDTLREW :
MAjobs\12721035\01 wirlmiemos'geosyn test resuits.doc
1272035.01090090
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TABLE &

LA 9090 Laburatory Test Results - 23 deg ©
Consiruction/Operation Level Design Report
GCR - PDF

U.S. Steel - Gary Works

Test Paranicier

Tear Tear 2% Secant | 2% Secant
Yield (MID} Break (M) Yield (CI)) Break (CD) Resistance| Resistance| Punclure Modulus | Modulus

Thickuness| Density | Strength | Elongation | Strength | Elongation Strength | Elongation| Strength | Elongation]  (MD) (CD) |Resistance| Hardness | Volatiles Extractables] {(MD}) (CD)
‘Test Specimenf]  (mnils) {Ib/in.) (%4) (ib/in.) (%) (Ib/in.) (%) (Ib/in.) (%) (i {Ib) (Ib) (Duro D) | (%) (%6} (psi} (psi)
Daseline 60,51 0.95351 15718 20,62}  263.87 777.15] 17573 21.69] 263.79 811.34 54.78 53.85 131.04 60.30 0.10 0.66 50,993 54,172
30 day 60.8] (.9543] 156.26 19.23] 303.65 8838.51 165,48 18.92] 295.59 907.83 54.66 54.84 133.90 58.60 010 0.66 51,391 52,715
60 day 60.8 (.9533 158.65 19.69 290.27 B45.39 161.86 18,77 285.25 890.79 55.82 55.78 134.07 57.00 0.05 0.33 52,114 54,305
90 day 60,21 0.9601 155,53 19.85] 204,17 777.27| 158.85 18.62] 265.41 §35.33 56.54 56.38 132.71 60.20 0.03 0.32 54,845 60,976
120 day 607t 0.9624] 156.73 19.54] 279.50 815,581 158.59 18.62F 273.48 872.76 52.41 51.19 131.42 69.60 0.06 0.33 51,446 51,645
Percent Change l
Frow Baseline 0.0 -0.9% 0.3% 5.2% -5.9% 49%]  9.8% 14.2% -3.7% -1.6% 4.3% 4.9% -0.3% -(.5% 40,0% 47.0% -0.9% 1.0%
VIRNUDRT
mad Faiyobs | 27203530 Pajisubs\@09Beonipree bs-23C comgrarisun
AIEO9RE L 1/E199
U\\ Page t of |




TADLE 2

EI'A 9090 Laboratory Test Resulis - 50 deg C
Coustruction/Operation Level Desige Report

GCR-PDF

U.S. Steel - Gary YWorks

‘Test Parameler

; . Tear Tear 2% Secant | 2% Secant
Yield (MD Bieak (MDY} Yield (CDH Break (CiD) Resistance | Resistance| Punclure Modulus | Moduius
Thickness| Density | Strength | Llongation| Strength | Elongation| Strenglh | Elongation| Strength | Elongation| (MD) (CD) ]Resistance| Hardness | Volatiles |Extractables| (MD) {CD)
Test Specimen | (mnils) (Ib/in.} (%) (1b/in.) (%) {1b/in.) (%) {Ibfin.) (%) {Ib) (0] (ib) (Duro D) (%) (%) (psi} (psi)
Baseline 60.5] 09535 157.18 20,62 263.87 T71.15{ 175.713 21.69] 26399 811.34 5478 53.85 131.04 60.30 0.10 0.66 50,993 54,172
30 day 60.5] 095421 162,09 19.69] 313.94 903.98] 16120 19.541  307.49 952.83 56.20 53.73 137.14 59.40 0.13 0.56 50,993 50,993
60 day 6091  0.9542] 16132 19.69|  297.74 868.99| 156.50 19.38] 294,02 907.78 56.94 55,04 138.74 56.80 0.05 0.29 53,311 53,503
90 day 61.2 0.9602 159,31 19.85 263.42 782.87 162,43 18.92 272.47 845.56 57.50 55.02 134.78 60.40 0.06 0.19 56,511 56,844
120 day 60.0 0.9627 159,41 19.85 276.35 814.96 162.50 19.23 277.85 870.39 52.75 52.21 131,42 5940 0.06 0.22 48,379 52,379
Percent Change
From Baseline 0.0 -1.0% -1.4% 17% -4.7% -4,9% 71.5% 11.3% -5.3% -7.3% 3.7% 3.0% -0.3% 1.5%] 40.0% 66.7% 5.1% 3.3%

VIRNjVDRF

mad i fobst| 27103540 1 jrsubs\ 90 Fbrempare.xls-50C comparises

4130/1998%1 1/8/5%
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CGeomembrane Properties and Test Methods

Table 5.8 Suggested limits of different test values for incubated geomembranes

(a) For flexible thermoplastic polymers, e.g., CSPE, PVC, etc., after Little [23]

Property Resistant Nor Resisiant P

Permeation rate <0.9 g/m*/hr. >0.9 g/m¥/hr.

Change in weight (%) <10 >10
Change in volume (%) <10 >10
Change in tensile strength (%) <20 >20
Change in elongation at break (%) <30 >30
Change in 100% or 200% modulus (%) <30 >30
Change in hardness <10 points >10 points

(b} For semicrystalline polymers, e.g., HDPE

O'Toole {24] Lirde 23] Koerner
Property Resistant  Nor Resistant  Resistant Not Resistant Resistant Not Resisiant
Permeation rate
© (gm-hr.) - — <0.§ =0.9 <0.9 =0.9
. Change in weight
" (%) <0.5 >1.0 <3 =3 <2 =2
Change in volums
(%) <02 =0.5 <1 =1 <1 =1
Change in vield ’
strength (%) <10 =20 <20 =20 <20 =20
Change in yield .
elongation {%) — — <20 =20 <30 =30
'ﬁmé Change in modulus
: (%) _ —_ — — <30 =30
{days} Chaﬂgﬁ in tear
‘ strength (%) - — — — <20 =20
Change in
Puncture
- Strength (%) — — — — <30 =30

() For low crystaliinity polymers, ¢.g., VLDFPE, LLDPE, ertc.

Properties 1o be considersd should be the same as in Table (2) and values for resistance should be slightly
more restrictive. No specific recommendations are availabis.

is no longer acceptable for the service in guestion.” This staternent, which 1s of 2
qualitative nature, seerms 10 Suggest comparison testing of candidate geomembranes
for critical situations or using new samples for each incubation time and performing
tensile tests for comparison DUrpeses.

5.1.4.5.2 Cold Temperawre Behavior. Testing 0 evaluate the effect of coid on
geomembranes follows along the same general lines as the effects of heat, but the
behavior of the material is, of course, completely different. Cold will generally not
degrade the geomembrane in anv appreciable way, at least under temperatures
normally encountered. Geomembranes have been successfully installed in the arctic
and have served properly [25]. (Problems of ice leading to puncturing and tearing
problems were discussed eariier.) The only meaningful effect that cold has on the
constructability of the system is that fiexibility is decreased and seams are more




GRAPH 1

RESULTS OF COMPATIBILITY TESTING
U.S. STEEL - GRAND CALMUT RIVER CAMU
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GRAPH 2

~) J&L TESTING COMPANY Inc.

RESULTS OF COMPATIBILITY TESTING
US STEEL - GRAND CALMUT RIVER - CAMU
BENTOFIX NW vs SYNTHETIC LEACHATE

1.00B-07
8
‘d 1.00B-08
o
%: —]
;§ '.“.m_..m_l—l b ML L T . = = 5 b
g 1.00B-09
A

1.00E-1¢

0 10 20 30 40 50 o0 70 80 90 100
Elapsed Time, Days
JOB No. 9752180-02 MW-EPA1.WK4



90 DAY BIOLOGICAL CLOGGING TEST
FLLOW RATE vs ELAPSED TIME | 2" Gradient
ASTM D-1987 METHOD A - CONSTANT HEAD 4" Gradient
ANAEROBIC CONDITIONS + 4 aradien
- 8" Gradient
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GEOSYNTHETIC LABORATORY TESTING
U.S.STEEL GRAND CALMUT RIVER CAMU

Performed For:
Montgomery Watson

One Science Court

P.O. Box 5385

Madison, WI 33705-0385
Performed By:

J&L Testing Company, Inc.

938 S. Central Avenue
Canonsburg, PA 15317

December 31, 1997
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J&L TESTING COMPANY, INC.

GEOTECHNICAL AND GEQSYNTRHETICS MATERIALS TESTING AND RESEARCH

December 31, 1997

Montgomery Watson
One Science Court

P.O. Box 5385

Madison, WI 53705-0385

Attn: Valenie Ranguette, P.E.

RE: GEOSYNTHETIC LABORATORY TESTING
U.S. STEEL GRAND CALMUT RIVER CAMU

Dear Ms. Ranguette:

J&L Testing Company, Inc. (JLT) is please to submit this interim report of testing being

performed to evaluate the compatibility of geosynthetics materials for the above referenced project.
The purpose of this report is to provide you with an update of the work in progress, allow you to
review some of the data and provide any comments. The work being performed and summarized
herein includes:

1
2)

3)

4

Preparation of synthetic leachate

Compatibility testing of geomembrane in accordance with EPA 9090A protocols
using the leachate generated above

Compatibility testing of geosynthetic clay liner (GCL) in accordance with EPA 9100
protocols

Biological clogging test on two (2) geotextile and the generated leachate

The following sections describe the details of the preparation of the leachate, the
compatibility testing program and interim results of tests performed to date.

1. Leachate Preparation

The synthetic leachate used for the compatibility and the biological clogging tests was
prepared by mixmg the required organic chemicals in well water. The required concentration
recipe of each organic compound in the final solution was provided to JLT by Montgomery
Watson and are as follows: -

Chemical Concentration
Toluene 100 mg/L
Naphthalene 100 mg/L
Dibenzofuran 10.0 mg/L

938 South Central Avenue « Canonsburg, Pennsylvania 15317 Tel: (412) 748-4441 Fax: (412) 745-4281

3
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These chemicals were purchased in pure state. Three (3) batches, each sufficient to prepare
28 liters of the synthetic leachate were prepared. The following outlines further details of
the leachate preparation.

- The organic compounds were weighed to the nearest 0.0001¢g using an analytical
balance and mixed.
- To insure that the compounds would dissolve in water, the organic mix was dissolved

in acetone. The resulting mix was then stored in a bottle with teflon-lined cap.

> Two (2) stainless steel 55-gallon drums were purchased and filled with 28 liters of
well water each. The water used was previously tested for pH and metals (see
Table 1).

> A bottle containing the proportioned mix was emptied into each of the water drums
and thoroughly mixed.

- Two (2) samples were taken from each of the two (2) water-chemical drums and
tested for concentration of the chemicals for confirmation. Results of the
confirmatory testing are presented on Table 2.

- This prepared synthetic leachate was then used to set up the compatlbﬂlty and

biological clogging tests.
Table 1
Analytical Results
Well Water Used for Preparing Synthetic Leachate

__E’arameter W Result T ] Units 1
| pH EPA 150.1 7.31 su

Barium EPA 200.7 , 0.08 mg/L

Calcium EPA 200.7 84.7 mg/L

Iron EPA 236.1 0.56 mg/L

Magnesium EPA 200.7 16.9 mg/L
Manganese EPA 243.1 <0.01 mg/L

Sodium EPA 273.1 40.7 mg/L
Zinc EPA 289.1 0.03 . mg/L
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_ Table 2
Synthetic Leachate
Confirmatory Test Results
Parameter Method Sample from Sample from
Drum A Drum B
1 2 1 2

Toluene SW-846- 8021A 137.0 109.0 103.2 103.2
Naphthalene SW-846-8270C 77.2 101.0 | 1026 103.7
Dibenzofuran SW-846-8270C 14.8 11.2 114 11.7

2. Geomembrane Compatibility Testing

In accordance with the laboratory testing program developed by Montgomery Watsor, a
sample of 60 mil Smooth HDPE geomembrane is being tested for compatibility with the
synthetic leachate. The geomembrane used is manufactured by National Seal Company
(NSC) and was supplied to JLT at Montgomery Waston's request for the purpose of this
testing. The compatibility testing is being performed in accordance with EPA 9090A

protocols. The work performed is summarized below.

Three (3) groups of gemembrane coupons were prepared for testing.

> One group was tested for all the required properties to establish baseline data. The
group used for the baseline testing was not exposed to the leachate.

> The second group of samples was prepared and immersed in a tank of leachate
maintained at 23°C.

- The third group of samples was prepared and placed in a leachate tank maintained

at 50°C.

> Both the 23°C and 50°C tanks contain sufficient coupons to test for the required

properties in both the machine direction (MD) and cross direction (CD).

> Samples were drawn from each of the two (2) tanks at 30-day intervals and tested for
the required properties.
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The following measurements and tests were performed on the baseline samples as
well as the samples retrieved from the temperature controlled tanks:

Thickness ASTM D-5199
Dimensions (length and width) ASTM D-751
Weight ASTM D-5261
Tensile Properties ASTM D-698

Tear Resistance ASTM D-1004
Puncture Resistance ASTM D-4833
Hardness ASTM D-2240
Volatiles EPA/600/2-88/052
Extractables EPA/600/2-88/052
Density ASTM D-1505
Secant Modulus (2%) ASTM D-5323

These are the basic indicator tests required for the project in accordance with ASTM
D-5747 and per EPA 9090A..

The results of tests performed are then compared against the baseline data as well as
the data from previous intervals for evaluation.

Appendix A presents the results of the baseline testing and two (2) subsequent
periods.

GCI., Compatibility Testing

Compatibility testing was performed to evaluate the effect of the synthetic leachate on the
permeability of the geosynthetic clay liner (GCL). The GCL used for the testing was
Bentofix NW supplied by NSC. The following is a summary of the testing program.

——

Two (2) 4-inch diameter samples were cut from the GCL and set in a triaxial cell for
the permeability testing.

Both samples were back pressure saturated with well water. Samples from the well
water used for preparing the synthetic leachate was used.

Upon saturation, the permeant fluid for one of the samples was switched to the
synthetic leachate while the second sample was maintained with well water as the
permeant fluid.
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The sample with well water was included in the monitoring program to evaluate
potential effects of other environmental conditions (e.g. temperature variation) on the
permeability of the test specimens.

> Both samples were monitored for a period of at least 90 days from the date of the
switch 1n accordance with the project requirement.

- The flow rate was periodically monitored and permeability calculated. The results
of the test along with a graph of permeability vs. time are presented in Appendix B.

4, Biological Clogeing Test

This test is also currently being performed and we will submit a report as soon as it becomes
available.

Should you, upon review of the information presented herein, have any questions, comments
or require additional information, please call. Thank you.

Sincerely,
J&L TESTING &&PANY INC.

RN

M ima, Ph.D., P.E.
Dire

Enclosurss
MS/rdg
wpwinéO\etter\97437
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NOMINAL THICKNESS

ASTM D-5199

CLIENT:
PROJECT:

MATERTAL:

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program (Baseline)
60 mil Smooth HDPE

JOE No.:
DATE:

CHECKED BY:

9752180-01
10-15-97

TESTED BY: D.T./K.T.
K.U. .

J&L TESTING COMPANY, INC

THICKNESS [mils]
SPECIMEN AVG.
No. 1 2 3 4 5
A 59.0 60.0 60.0 59.0 60.0 50.6
B 61.0 61.0 65.0 61.3 61.3 61.9
C 60.5 60.5 60.0 60.0 60.0 60.2
D 60.5 60.5 60.0 60.0 60.0 60.2
E 60.5 61.0 61.7 61.7 61.7 61.3
F 61.5 61.5 60.5 60.5 61.3 61.1
G 60.5 60.5 59.5 59.5 59.5 59.9
H 60.5 60.5 59.5 60.0 59.5 60.0
I 60.5 60.0 61.0 60.5 60.5 60.5
I 60.0 60.0 60.5 60.5 60.5 60.3
K 61.0 61.0 61.0 60.5 60.5 60.8
L 60.0 59.0 60.0 59.5 58.7 59.4
M 59.0 59.0 60.0 59.9 59.3 59.4
N 60.7 60.5 61.0 61.0 61.0 60.8
0 60.0 59.9 60.0 60.5 - 60.0 60.1
P 61.0 60.8 60.8 61.0 61.0 60.9
Q 61.5 61.3 60.5 60.4 61.0 60.9
R 61.5 61.5 61.3 61.0 60.5 61.2
S 60.7 60.7 61.5 61.8 61.8 61.3
T 60.0 60.5 61.8 61.5 61.5 61.1
U 60.0 60.0 61.0 60.5 60.5 60.4
\Y 59.5 60.5 60.5 60.0 60.35 60.2
W 61.0 60.0 61.0 . 61.5 61.0 60.9
X 60.0 60.8 60.8 60.4 60.5 60.5
AVERAGE 60.43 60.46 60.79 60.52 603.50 60.54
MWOO0TH. WK4

YR,



MASS PER UNIT AREA
ASTM D-5261

\

CLIENT: Montgomery Watson JOB No.:  97S2180-01
PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program (Baseline) TESTEDBY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
- e REPLICATE No. B
PARAMETER UNITS AVERAGE STANDARD
' 1 2 3 4 5 DEVIATION
o Area sq. cm. | 100.00 1060:00 | 100.00 | 100.00 100.00 100.00 0.0000
Weight gms 14.4821 14.6665 14,4366 | 14.6567 14.6783 14.5840 0.1030
Mass per Unit Area___' Ib/sq. ft.| 0.297 0.300 0.296 | 0.300 0.301 0.299 0.0021
Sy J&L TESTING COMPANY, INC

MWO0NOMU.WK4



TENSILE PROPERTIES
ASTM D-638

CLIENT:
PROJECT:

Montgomery Watson
Gary Works, Indiana

EPA 9090 Testing Program (Baseline)

MATERIAL:

60 mil Smooth HDPE

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
10-15-97
D.T/K.T.
K.U.

""""""""""" i _REPLICATE No. T

PARAMETER UNITS AVERAGE STANDARD
. ) N _ 1 ' 2 3 ) 4 5 DEVIATION
Yield Strength (MD) | Ib/in | 180.65 135.08 | 176.21 | 172.18 121.77 157.18 23.9984
Elongation at Yield (MD)| % 20.00 15.38 26.92 24.62 16.15 20.62 4.5482
Break Strength (MD) Ib/in 2006.53 226.61% 277.42 | 266.13 282.66 263.87 19.6824
Elongation at Break (MD| % 750.95 768.31 788.95 767.17 810.40 777.15 20.5386
Yield Strength (CD) _Ib/in 174.19 | 176.21 175.40 178.23 174.60 175.73 1.4290
Elongation at Yield (CD)| - % 17.69 24.62 21.54 22.31 22.31 21.69 2.2506
Break Strength (CD) Ib/in 258.87 285.08 250.00 274.60 250.40 263.79 13,8827
Elongation at Break (CD)| % 799.77 880.68 765.50 833.58 777.15 811.34 41.7298 |

J&L TESTING COMPANY, INC

MWO000TP.WK4



- TEAR RESISTANCE
ASTM D-1004

“

CLIENT:
PROJECT:

MATERIAL:

Montgomery Watson

JOB No.:  97S2180-01
Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program (Baseline) TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

T R A, REPLICATENo. . "7 7"
PARAMETER UNITS AVERAGE STANDARD
oyt 2 3 4 5 ~ DEVIATION 7
Thickness (MD) __mils 60.00 61.38 61.35 61.18 60.50 60.88 0.5425
Tear Resistance (MD) | Ib | 56.40 53.42 55.20 54.30 54.60 54.78 09913
Tear Resistance (MD) Ib/in | 940.00 870.39 | 899.76 887.62 902.48 900.05 22,9628
Thickness (CD) mils | 60.17 60.73 60.80 | 61.00 60.50 60.64 0.2855
Tear Resistance (CD) Ib | 55.00 54.20 55.35 51.57 53.15 53.85 1.3699
Tear Resistance (CD) Ib/in | 914.13 892.43 910.36 845.41 878.51 888.17 24.9242

J&L TESTING COMPANY, INC

MW™MQTR.WK4



PUNCTURE RESISTANCE
ASTM D-4833

CLIENT: Montgomery Walson JOB No.: 9782180-01
PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program (Baseline) TESTED BY: D.T./K.T.

MATERIAL: 00 mil Smooth HDPE CHECKED BY; K.U.

REPLICATE No.
. PARAMETER UNITS : AVERAGE |STANDARD
1 2 3 4 5 6 7 8 9 10 DEVIATION
Thickness 1nils 59.86 | 59.98 | 60.38 | 60.18 | 60.06 | 59.30 | 59.00 | 59.00 | 60.00 | 59.50 59.48 0.43
Puncture Resistance Ib 131.66 | 131.52 | §32.22 | 135.60 | 133.37 | 128.95 | 127.10 | 130.40 | 134.30 [ 132.10 131.04 2.50
Puncture Resistance Ib/in _[2199.47 [2192.73 |2189.80 |2253.24 [2220.61 [2174.54 |2154.24 [2210.17 |2238.33 [2220.17 { 2203.01 29.13

(_y\ J&L TESTING COMPANY, INC MWOUOPR. WK4



HARDNESS
ASTM D-2240

W

JOB No.: 9752180-01
DATE: 10-15-97

CLIENT:
PROJECT:

MATERIAL:

~ Montgomery Watson

Gary Works, Indiana
EPA 9090 Testing Program (Baseline)

60 mil Smooth HDPE

TESTED BY: D.T./K.T.
CHECKED BY: K.U.

h

POINT No.
REPLICATE AVG.
No. 1 2 3 4 5
1 60.0 61.0 60.0 60.0 60.5 60.3
2 61.0 61.0 61.0 60.0 59.0 60.4
3 61.0 61.0 60.5 61.0 60.5 60.8
4 60.5 61.0 61.0 60.5 60.5 60,7
5 61.0 60.5 60.0 59.5 60.5 60.3

J&L TESTING COMPANY, INC

MWO00OHD. WK4
&



TOTAL VOLATILES
MTM-1

CLIENT: -
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson JOB No.: 9752180-01
Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.
BASELINE TESTING

TEST

REPLICATE No.
2

UNITS AVG.

VOLATILES

% 0.13 0.08 0.10 0.10

J&L TESTING COMPANY, INC

Reference : EPA/600/2-88/052, Appendix G

MWO000VO.WK4
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EXTRACTABLES CONTENT

MTM-2
L EEEEEE——

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program

MATERIAL: 60 mil Smooth HDPE
SAMPLE: BASELINE TESTING

JOB No.: 9752180-01
DATE:  10-15-97
TESTED BY: D.T./K.T.
CHECKED BY: K.U.

.

Initial Wt. 2.3132 grams
After Extraction 2.2980 grams
%Extractables 0.66

Reference : EPA/600/2-88/052, Appendix E

J&L TESTING COMPANY, INC

MWOO0EX. WK4
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DENSITY
ASTM D-1505

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana

EPA 9090 Testing Program (Baseline)
MATERYAL: 60 mil Smooth HDPE

JOB No.: 9752180-01
10-15-97
D.T./K.T.
K.U.

DATE:
TESTED BY:

CHECEED BY:

Standard Floats

Float No. | enmsity, g/c| Depth |Corr. Depth
1* 0.9322 33.6 33.98
2 0.9494 232 21.84
3% 0.9560 16.2 17.18
c = 0.9322
s = -0.0014
Density = ¢ + s*(specimen depth)
PARAMETER| 1 2 3 4 5 AVERAGE
DEPTH 20 156 19 17 174 18.60
DENSITY 0.9515 0.9520 0.9529 0.9557 0.9552 0.9535

J&L TESTING COMPANY, INC

MWOOODN. WK 4




2 % SECANT MODULUS

ASTM D-5323
CLIENT: Montgomery Watson : JOB No.:  9752180-01
PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Prograin (Baseline) TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
REPLICATE No.
PARAMETER UNITS AVERAGE STANDARD

: 1 2 3 4 5 DEVIATION
2% Secant Modulus (MD) psi___| 54,304.60 | 47,682.10 |47,682.10 |52,317.90 52,980.10 50,993.36 2778.30
2% Secant Modulus (CD) psi__|52,980.10 |52,980.10 |52,980.10 |57,615.90 54,304.60 54,172.16 1796.66

J&L TESTING COMPANY, INC ‘ MWO( “OD.WK4
S
]
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NOMINAL THICKNESS
ASTM D-5199

CLIENT: Montgomery Watson JOB No.: 975218001

PROJECT:  Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE ' CHECKED BY: K.U.

SAMPLE: 30 DAY, 23 DEGREE CELSIUS

- THICKNESS [mils]
SPECIMEN AVG. Percent
No. 1 2 3 4 5 Change
A (Initial} 59.0 60.0 60.0 59.0 60.0 59.6
A (Final) 59.0 60.0 59.0 61.0 61.0 60.0 0.67
B (Initial} 61.0 61.0 65.0 61.3 61.3 61.9
B (Final) 61.0 62.0 61.0 62.0 62.0 61.6 -0.52
C (Initial) 60.5 60.5 60.0 60.0 60.0 60.2
C (Final) 61.0 61.0 60.0 61.0 61.0 60.8 1.00
J&L TESTING COMPANY, INC MW2330TH.WK4
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WEIGHT CHANGE

M

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: - 30 DAY, 23 DEGREE CELSIUS

h

SPECIMEN Initial Mass Final Mass Percent
No. {oz/sy) (oz/sy) Change
A 42.1 42.1 0.01
B | 43.1 43.1 [ 0.04
C | 42.4 42.5 | 0.02
!
J&L TESTING COMPANY, INC MW3023UW. WK4

A



DIMENSION CHANGES

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson JOB Neo.: 9752180-01
Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program _ TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

30 DAY, 23 DEGREE CELSIUS

SPECIMEN Length (MD) Width (CD) Percent
No. (mm) (mm) Change

A (Initial) 100.0 99.5 -0.50

A (Final) 99.9 995 -0.40

B (Initial) 100.0 99.5 -0.50

B (Final) 100.0 995 -0.50

C (Initial) 100.0 ~ 99.5 -0.50

C (Final) 99.9 99.5 -0.40

J&L TESTING COMPANY, INC MW3023DM. WK4
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TENSILE PROPERTIES
ASTM D-638

“‘

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson JOB No.:  9752180-01
Gary Works, Indiana , ' DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

30 DAY, 23 DEGREE CELSIUS

“’

REPLICATE No.
PARAMETER UNITS "{ AVERAGE STANDARD
1 2 3 4 5 DEVIATION
' Yield Strength (MD) Ib/in 168.43 152.62 155.24 148.67 156.33 156.26 6.6325
Elongation at Yield (MD)| % 19.23 18.46 20.00 20.00 18.46 19.23 0.6880
Break Strength (MD) 1b/in 306.33 302.70 316.94 282.14 310.16 303.65 11.7456
Elongation at Break (MD % 883.83 884.38 933.48 839.78 903.07 888.91 30.4845
Yield Strength (CD) 1b/in 166.01 162.90 164.40 169.76 164.31 165.48 2.3561
Elongation at Yield (CD) % 19.23 19.23 18.46 19.23 18.46 18.92 0.3768
Break Strength (CD) Ib/in 302.50 | 272.66 299.60 311.57 291.61 295.59 13.1209
Elongatfon at Break (CD)| % 923.90 848.96 928.02 943.07 895.21 907.83 33.2636

J&L TESTING COMPANY, INC MW30°3TP.WK4



TEAR RESISTANCE
ASTM D-1604

CLIENT:
PROJECT:

Montgomery Watson

Gary Works, Indiana

- EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE

30 DAY, 23 DEGREE CELSIUS

SAMPLE:

JOB No.:

DATE:
TESTED BY: .

CHECKED BY:

9752180-01
10-15-97
b.T./K.T.
K.U.

REPLICATE No.

PARAMETER UNITS AVERAGE STANDARD

‘ i 2 3 4 5 DEVIATION
Thickness (MD) mils 60.50 60.00 | 60.00 60.50 60.00 60.20 0.2449
Tear Resistance (MD) Ib 53.17 54.42 52.90 55.42 57.40 54.66 1.6408
Tear Resistance (MD) | Ib/in 878.84 907.00 881.67 916.03 956.67 908.04 28.2048
Thickness (CD) nils 60.00 60.50 60.00 61.00 60.50 60.40 0.3742
Tear Resistance (CD) Ib 53.25 54,10 54,40 57.15 55.32 54.84 1.3293
Tear Resistance (CD) Ib/in 887.50 894,21 906.67 936.89 014,38 907.93 17.2458

U\ J&L TESTING COMPANY, INC

MW3023TR.WK4



PUNCTURE RESISTANCE
ASTM D-4833

“\

CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT:  Gary Works, Indiana DATE: 10-15-97

EPA 9090 Testing Program TESTED BY: D.T./K.T.
MATERIAL: 60 mil Sinooth HDPE CHECKED BY; K.U.
SAMPLE: 30 DAY, 23 DEGREE CELSIUS

\

REPLICATE No.
PARAMETER UNITS AVERAGE |STANDARD
{ 2 3 4 5 6 7 8 9 10 DEVIATION
Thickness mils | 60.50 | 61.00 | 61.00 | 60.50 | 60.50 | 61.80 | 60.20 | 61.00 | 61.50 | 61.00 | 61.00 0.54
Puncture Resistance b |134.49 |134.39 | 133.44 | 134.96 | 133.49 | 136.09 | 134.41 [ 131.16 | 133.66 | 134.61 | 133.90 1.49
Puncture Resistance | _Ib/in [2222.98 12203.11 {2187.54 |2230.74 |2206.45 [2202.10 2232.72 |2150.16 |2173.33 {2206.72 | 2195.25 26.52

& J&I. TESTING COMPANY, INC MW~ ""3PR.WK4



HARDNESS
ASTM D-2240

CLIENT:
PROJECT:

MATERIAL:
-~ SAMPLE:

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program
60 mil Smooth HDPE
30 DAY, 23 DEGREE CELSIUS

JOB No.: 9752180-01
DATE: 10-15-97

TESTEDBY: D.T./K.T.
CHECKED BY: K.U.

POINT No.
REPLICATE | AVG.

No. 1 2 3 4 5

1 58.0 60.0 60.0 62.0 57.0 59.4
2 59.0 61.0 58.0 61.0 58.0 59.4
3 57.0 60.0 57.0 59.0 57.0 58.0
4 59.0 58.0 59.0 57.0 59.0 58.4
5 59.0 58.0 59.0 57.0 60.0 58.6

J&L TESTING COMPANY, INC

7

MW3023HD.WK4



TOTAL VOLATILES

MTM-1
e ——

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program

MATERIAL: 60 mil Smooth HDPE
SAMPLE: 30 DAY, 23 DEGREE CELSIUS

JOB No.: 9752180-01
DATE: 10-15-97

TESTEDBY: D.T./K.T.
CHECKED BY: K.U.

“

REPLICATE No.

TEST UNITS 1 2 3

AVG.

VOLATILES % 0.10 0.13 0.08

Reference : EPA/600/2-88/052, Appendix G

J&L TESTING COMPANY, INC

g

MW3023VO.WK4



EXTRACTABLES CONTENT
MTM-2

CLIENT: Montgomery Watson ' JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program ' TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: KU.

SAMPLE: 30 DAY, 23 DEGREE CELSIUS

Initial Wt. 2.7090 grams
After Extraction 2.6912 grams

%Extractables 0.65

Reference : EPA/600/2-88/052, Appendix E

7

J&L TESTING COMPANY, INC - MW3023EX.WK4



DENSITY
ASTM D-1505

m

CLIENT: Montgomery Watson

PROJECT: Gary Works, Indiana

: EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE

SAMPLE: 30 DAY, 23 DEGREE CELSIUS

JOB No.: 9752180-01

DATE:

10-15-97

TESTEDBY: D.T./K.T.

CHECKED BY:

K.U.

I

Standard Floats
Float No. | ensity, g/c Depth  Corr. Depth
1* 0.9322 37.8 38.11
2 0.9494 26.7 25.60
3* 0.9560 20 20.80
c= 0.6322
§ = -0.0014
Density = ¢ + s*(specimen depth)
PARAMETER 1 2 3 4 5 AVERAGE
DEPTH 24 24 21.2 21.2 20.8 22.24
DENSITY 0.9512 0.9512 0.9550 0.9550 0.9556 0.9536

J&L TESTING COMPANY, INC

MW3023DN.WK4



2 % SECANT MODULUS
ASTM D-5323

CLIENT: Montgomery Watson JOB No.:
PROJECT: Gary Works, Indiana DATE:

EPA 9090 Testing Program TESTED BY:
MATERIAL: 60 mil Smooth HDPE CHECKED BY:
SAMPLE: 30 DAY, 23 DEGREE CELSIUS

9752180-01
10-15-97
D.T./K.T.
K.U.

REPLICATE No.
PARAMETER UNITS AVERAGE STANDARD
1 2 3 4 5 DEVIATION
2% Secant Modulus (MD) psi 51,655.60 | 49,006.60 |51,655.60 | 52,317.90 |52,317.90 51,390.72 1228.31
2% Secant Modulus (CD) psi 55,629.10 | 54,966.90 | 46,357.60 |56,291.40 | 50,331.12 52,715.22 3806.65

N =
Q\\ N I&L TESTING COMPANY, INC

MW3023MD.WK4













NOMINAL THICKNESS

ASTM D-5199

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program
60 mil Smooth HDPE
30 DAY, 50 DEGREE CELSIUS

JOB No.: 9752180-01

DATE: 10-15-07
TESTED BY: D.T./K.T.
CHECKED BY: K.U.

THICKNESS [mils]
SPECIMEN AVG, Percent
No. 1 2 3 4 3 Change
M (Initial) 59.0 59.0 60.0 59.9 59.3 59.4
M (Final) 60.0 60.0 60.0 59.5 60.0 59.9 0.77
N (Initial) 60.7 60.5 61.0 61.0 61.0 60.8
N (Final) 61.0 61.5 61.5 61.0 61.5 61.3 0.76
O (Initial) 60.0 59.9 60.0 60.5 60.0 60.1
O (Final) 60.0 61.0 60.0 60.0 61.0 60.4 0.53

J&L TESTING COMPANY, INC

R

MW2350TH. WK4



WEIGHT CHANGE

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program

MATERIAL: 60 mil Smooth HDPE
SAMPLE: 30 DAY, 50 DEGREE CELSIUS

JOB Ne.: 9752180-01

DATE: 10-15-97

TESTED BY: D.T./K.T.
CHECKED BY: K.U.

L

J&L TESTING COMPANY, INC

SPECIMEN |- Initial Mass Final Mass Percent
No. (oz/sy) (0z/sy) Change

M 42.2 422 0.07

N | 43.0 431 | 0.07

0 I 423 42.6 [ 0.72
22

MW3050UW. WK4



DIMENSION CHANGES

CLIENT:
FROJECT:

MATERTAL:
SAMPLE:

Montgomery Watson

Gary Works, Indiana

EPA 9090 Testing Program
60 mil Smooth HDPE

30 DAY, 50 DEGREE CELSIUS

JOB No.: 9752180-01
DATE: 10-15-97
TESTED BY: D.T./K.T.
CHECKED BY: K.U.

J&L TESTING COMPANY, INC

SPECIMEN Length (MD) Width (CD) Percent

No. (mm) (mm) Change
M (Initial) 100.0 99.5 -0.50
M (Final) 100.0 100.0 0.00
N (Initial) 100.0 99.5 -0.50
N (Final) 100.0 99.5 -0.50
O (Initial) 100.0 100.0 0.00
O (Final) 100.0 100.0 0.00

=

MW2350DM.WK4



TENSILE PROPERTIES
ASTM D-638

CLIENT: Montgomery Watson JOBNo.:  9752180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTEDBY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 30 DAY, 50 DEGREE CELSIUS

REPLICATE No.

PARAMETER UNITS | AVERAGE STANDARD

1 2 3 4 5 DEVIATION
Yield Strength (MD) Ib/in 165.12 154,11 162.50 162.10 166.61 162.09 4.3231
Elongation at Yield (MD)| % 18.46 20.77 19.23 20.00 20.00 19.69 0.7845
Break Strength (MD) ib/in 299.40 320.56 304.72 326.69 318.35 313.94 10,2231
Elougation at Break (MD % 868.94 924.96 876.42 931.51 918.09 903.98 26.0181
Yield Strength (CD) Ib/in 156.85 159.35 164.52 161.49 163.79 161.20 2.8311
Elongation at Yield (CD) % 19,23 20.00 20.00 18.46 20.00 19,54 0.6154
Break Strength (CD) Ib/in 313.71 315.00 305.65 297.18 305.93 307.49 6.4386
Elongation at Break (CD)| % 966.58 966.18 950,92 627.98 952.50 952.83 14.0609

Y

J&T. TESTING COMPANY, INC MW3050TP.WK4



TEAR RESISTANCE

ASTM D-1004

CLIENT:
PROJECT:

 MATERIAL:
SAMPLE:

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program
60 mil Smooth HDPE
30 DAY, 50 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
CIHECKED BY:

9752180-01
10-15-97
D.T./K.T.
K.U.

REPLICATE No.

PARAMETER UNITS . AVERAGE STANDARD

1 2 3 4 5 DEVIATION
Thickness (MD) mils 60.00 60.00 39.00 60.00 60.50 39.90 0.4899
Tear Resistance (MD) Ib 56.67 56.47 53.37 56.80 33.70 56.20 0.5644
Tear Resistance (MD) 1b/in 944.50 941.17 938.47 946.67 920.66 938.29 9.2501
Thickness (CD) mils 39.50 60.50 60.50 ¢1.00 60.50 60.40 0.4899
Tear Resistance (CD) Ib 53.20 33.97 31.77 53.47 54.25 33.73 1.1312
Tear Resistance (CD) Ib/in 927.73 892.07 855.70 876.56 896.69 889.75 23.7884

C\ J&L TESTING COMPANY, INC

MW3050TR. WK4



PUNCTURE RESISTANCE
ASTM D-4833

“

CLIENT: Montgomery Watson . JOB No.: 9752180-01
PROJECT:  Gary Werks, Indiana DATE: 10-15-97

EPA 9090 Testing Program TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 30 DAY, 50 DEGREE CELSIUS :

h

REPLICATE Na.
PARAMETER UNITS AVERAGE |STANDARD
1 2 3 4 5 6 7 8 9 10 DEVIATION
Thickness mils 61.00 | 60.50 | 61,00 | 61.00 | 60.50 | 61.20 | 61.50 | 60.00 | 60.00 | 60.00 60.53 0.61
Puncture Resislance b 136.50 | 136.43 |136.23 | 136.35 | 137.35 | 139.40 | 138.65 | 134.53 | 136.70 | 136.23 137.14 1.60
Puncture Resistance Ib/in_ 1223770 [2255.04 {2233.28 |2235.25 {2270.25 |2277.78 |2254,47 |2242.17 |2278.33 [2270.50 2265.58 13.10

@. J&L TESTING COMPANY, INC MY50PR. WK4



HARDNESS
ASTM D-2240

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECEEDBY: ~K.U.

SaMPLE: = 30 DAY, 50 DEGREE CELSIUS

POINT No.

REPLICATE AVG.
No. 1 2 3 4 5
1 | 61.0 58.0 61.0 58.0 62.0 60.0
2 62.0 38.0 61.0 59.0 60.0 60.0
3 61.0 57.0 58.0 59.0 58.0 - 58.8
4 38.0 61.0 58.0 61.0 - 58.0 59.2
5 5%.0 61.0 580 62.0 57.0 59.4

/7

J&L TESTING COMPANY, INC MW3050HD.WK4



TOTAL VOLATILES
MTM-1

CLIENT:

Montgomery Watson

JOB No.:  9752180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTEDBY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 30 DAY, 50 DEGREE CELSIUS

- -

REPLICATE No.
TEST UNITS 1 2 3 AVG.
VOLATILES % 0.12 0.14 0.12 0.13

J&L TESTING COMPANY, INC

Reference : EPA/600/2-88/052, Appendix G

g

MW3050V0.WK4



EXTRACTABLES CONTENT
MTM-2

CLIENT: Montgomery Watson ‘ JOB Ne.: 97852180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program _ TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: - 30 DAY, 50 DEGREE CELSIUS

Initial Wi, 2.5435 grams
After Extraction 2.5292 grams
% Extractables 0.56

Reference : EPA/600/2-88/052, Appendix E

7

J&L TESTING COMPANY, INC MW3050EX_WK4



DENSITY

ASTM D-1505
emime— - -
CLIENT: Montgomery Watson . JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKEDBY: . K.U.
SAMPLE: 30 DAY, 50 DEGREE CELSIUS
e
Standard Fleats
Float No. | ensity, g/c| Depth |Corr. Depth’
1* 0.9322 37.8 38.11
2 0.9494 26.7 25.60
K 0.9560 20 20.80
c = 0.9322
s = -0.0014
Density = ¢ + s*(specimen depth)
PARAMETER 1 2 3 4 5 AVERAGE
DEPTH 24.5 22.5 23 20.2 21.2 22.28
DENSITY 0.9505 0.9532 0.9526 0.9564 0.9550 0.9535

J&L TESTING COMPANY, INC

/0

MW3050DN.WK4



2 % SECANT MODULUS
ASTM D-5323

CLIENT:
‘PROJECT;

MATERIAL:
SAMPLE:

Montgomery Watson JOBNo.: 9752180-01
Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T.UK.T.
60 mil Smooth HDPE CHECKED BY: K.U.

30 DAY, 50 DEGREE CELSIUS

REPLICATE No.
PARAMETER UNITS AVERAGE STANDARD
1 2 3 4 5 DEVIATION
2% Secant Modulus (MD) psi 51,655.60 |51,655.60 |52,980.10 |51,655.60 | 47,019.90 50,993.36 2051.89
2% Secant Modulus (CD) psi 49,006.60 |51,655.60 }50,993.40 |50,331.10 |52,980.10 50,993.36 1324.50

J&L TESTING COMPANY, INC

MW3050MD.Wk4












NOMINAL THICKNESS
ASTM D-5199

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

JOB Ne.: 9782180-01

Montgomery Watson

Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.
60 DAY, 23 DEGREE CELSIUS

THICKNESS {mils]
SPECIMEN AVG. Percent
No. 1 2 3 4 5 Change
D (Initial) 60.5 60.5 60.0 60.0 60.0 ~ 60.2
D (Final) 60.5 60.5 60.0 60.0 60.0 60.2 0.00
E (Initial) 60.5 61.0 61.7 61.7 61.0 61.2
E (Final) 60.5 61.5 61.5 61.0 61.0 61.1 .13
F (Initial) 61.3 61.5 60.5 60.5 61.3 61.1
F (Final) 61.5 61.0 60.5 61.0 61.0 61.0 0.10
/o]
J&L TESTING COMPANY, INC MW2360TH. WK4



WEIGHT CHANGE

w

CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program

TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

" SAMPLE: 60 DAY, 23 DEGREE CELSIUS

m

SPECIMEN Initial Mass Final Mass Percent
No. (oz/sy) (oz/sy) Change
D 422 42.2 -0.00
E | 43.0 43.0 0.0
F | 43.0 43.0 | 0.00

J&L TESTING COMPANY, INC MW6023UW. WK4



DIMENSION CHANGES

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program : TESTEDBY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE . CHECKED BY: K.U.

SAMPLE: 60 DAY, 23 DEGREE CELSIUS

SPECIMEN Length (MD) Width (CD) Percent

No. (mm) {mm) Change
D (Initial) - , 99.9 99.9 0.00
D (Final) 100.0 100.0 0.00
E (Initial) 99.9 100.0 0.10
E (Final) 100.0 100.0 0.00
F (Initial) 100.0 100.0 0.00
F (Final) 100.0 100.0 0.00

3

J&L TESTING COMPANY, INC | MW6023DM.WK4



TENSILE PROPERTIES

ASTM D-638

| |

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Prograin

MATERIAL: 00 mil Simooth HDPE
SAMPLE;: 60 DAY, 23 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
11-15-97
D.T./K.T.
K.U.

“

REPLICATE No.

PARAMETER UNITS AVERAGE STANDARD

l 2 3 4 5 DEVIATION
Yield Strength (MD) Ib/in 161.69 149.88 162.50 160.08 159.07 158.65 4.5440
Elongation at Yield (MD) % | 20.00 20.00 19.23 20.00 19.23 19.69 0.3768
Break Strength (MD) Ib/in 286.90 298.27 300.81 291.81 273.59 290,27 9.0643
Elongation at Break (MD % 831.77 864.46 873.99 846,80 809.93 845.39 22,9210
Yield Strength (CD) Ib/in 159.56 163.79 162.50 159.96 163.51 161.86 1.7759
Elongation at Yield (CD) % 18.46 19.23 19.23 18.46 18.46 18.77 0.3768
Break Strength (CD) Ib/in 293.02 294.76 296.65 267.94 273.87 285.25 11.9153
Elongation at Break (CD)| % 913.98 915.09 913.04 850.51 861.32 890.79 28.6861

X, J&L TESTING COMPANY, INC

MW6M TP, WK4



TEAR RESISTANCE

ASTM D-1004

CLIENT: Montgomery Watson
PROJECT:  Gary Works, Indiana

EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 60 DAY, 23 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
11-15-97
D.T./K.T.
K.U,

REPLICATE No.

PARAMETER UNITS AVERAGE STANDARD

1 2 3 4 5 DEVIATION
Thickness (MD) mils 60.50 61.50 60.50 61.50 61.50 61.10 0.4899
Tear Resistance (MD) Ib 56.00 54.30 56.50 55.50 56.80 55.82 0.8795
Tear Resistance (MD} Ib/in 925.62 882.93 033.88 902.44 923,58 913.69 18.5518
Thickness (CD) mils 60.00 61.50 60,50 61.00 61.00 60.80 0.5099
Tear Resistance (CD) 1b 55.60 55.60 55.20 56.20 56.30 55.78 0.4118
Tear Resistance (CD) Ib/in 026.67 904.07 912.40 921.31 922.95 917.48 8.1830

(J\ J&L TESTING COMPANY, INC

MW6023TR.WK4



PUNCTURE RESISTANCE

ASTM D-4833
CLIENT: Montgowery Watson JOB No,:  97852180-01
PROJECT:  Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooih HDPE CHECKED BY: K.U.
SAMPLE: 60 DAY, 23 DEGREE CELSIUS
REPLICATE No.
PARAMETER UNITS . AVERAGE [STANDARD
i 2 3 4 5 6 7 8 9 10 DEVIATION
Thickness mils 6200 | 61.00 | 61.00 | 60.00 | 61.00 | 60.50 | 61.00 61,50 | 61.00 | 62.00 61.17 0.47
Puncture Resistance b {135.15 | 134.50 | 132.95 | 134.70 | 134.47 | 135.62 135.17 | 132.50 | 129.90 | 131,75 134.07 2,53
Puncture Resistance Iofin _|2179.84 12204.92 12179.51 |2245.00 (2204.43 |2241.65 12215.90 2235.77 12129.51 |2125.00 | 2192.04 47.44

’& J&L TESTING COMPANY, INC MW~F"3PR. WK4



HARDNESS
ASTM D-2240

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTEDBY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECEED BY: K.U.

SAMPLE: 60 DAY, 23 DEGREE CELSIUS

POINT No. '

REPLICATE _ AVG,

No. 1 2 3 4 5

1 60.0 58.0 57.0 55.0 58.0 58.4

2 60.0 59.0 57.0 58.0 58.0 58.4

3 57.0 58.0 60.0 61.0 61.0 59.4

4 58.0 57.0 57.0 58.0 60.0 58.0

5 57.0 56.0 56.0 58.0 58.0 57.0

/7
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TOTAL VOLATILES

MTM-1

c e
CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 11-15-97

EPA 9090 Testing Program TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 60 DAY, 23 DEGREE CELSIUS
-~ """ -

REPLICATE No.
TEST UNITS 1 2 3 AVG,

VOLATILES % 0.05 0.05 0.04 0.05

Reference : EPA/600/2-88/052, Appendix G

J&L TESTING COMPANY, INC

5

MW6023V0.WK4



EXTRACTABLES CONTENT
MTM-2

CLIENT: Montgomery Watson JOB Ne.: 975218001

PROJECT:  Gary Works, Indiana DATE: 11-1597
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smocth HDPE CHECKED BY: K.U.

SAMPLE: 60 DAY, 23 DEGREE CELSIUS

Initial Wt. 2.4916 grams
After Extraction 2.4834 grams
%Extractables ' 0.33

Reference : EPA/600/2-88/052, Appendix E

J&L TESTING COMPANY, INC MWG6023EX. WK4



DENSITY
ASTM D-1505

W

CLIENT:
PROJECT:

MATERTAY.:
SAMPLE:

Montgomery Watson

JOB No.: 9752180-01
Gary Works, Indiana

DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

60 DAY, 23 DEGREE CELSIUS

b

Standard Floats
Float No. | ensity, g/c Depth Corr. Dept
1* 0.9322 35.2 38.11
2 0.9494 26.5 25.60
3= 0.9560 | 19 20.80
c= 0.9322
s= -0.0014
Density = ¢ + s*(specimen depth)
PARAMETER 1 2 3 4 5 AVERAGE
DEPTH 20.5 20.5 21.0 15.8 19.8 20.3
DENSITY 0.9524 0.9524 0.9517 0.9534 0.9534 0.9527

J&L TESTING COMPANY, INC

Y/,

MW6023DN.WK4



.2 % SECANT MODULUS
ASTM D-5323

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson JOB No.: 9752180-01
Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

60 DAY, 23 DEGREE CELSIUS

_ REPLICATE No.
PARAMETER UNITS AVERAGE STANDARD
: 1 2 3 4 3 DEVIATION
2% Secant Medulus (MD) psi 50,622.25 | 54,966.89 |46,357.60 | 52,980.i0 | 55,629.14 52,111.20 3304.72
2% Secant Modulus (CD) psi 51,655.60 | 54,966.90 |54,966.90 | 54,966.90 | 54,966.90 54,304.64 1324.52

T
T~
g\‘ J&L TESTING COMPANY, INC

MW6023MD. WK4












NOMINAL THICENESS

ASTM D-5199

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program
60 mil Smooth HDPE
60 DAY, 50 DEGREE CELSIUS

JOB No.: 9752180-01

DATE: 11-15.97
TESTED BY: D.T./K.T.
CHECKED BY: K.U.

J&L TESTING COMPANY, INC

THICKNESS [mils]
SPECIMEN AVG. " Percent
No. 1 2 3 4 5 Change
P (Initial) 61.0 60.8 60.8 61.0 61.0 60.9
P (Final) 61.0 61.0 61.0 61.0 61.0 61.0 0.12
Q (Initial) 61.5 61.3 60.5 60.4 61.0 60.9
Q (Final) 61.35 60.5 60.0 60.5 61.0 60.7 -0.39
R (Initial) 61.5 61.5 61.3 61.0 60.5 61.2
R (Final) 60.5 61.0 61.5 61.5 61.0 61.1 .10

Jof I

MW5060TH. WK4



WEIGHT CHANGE

m

CLIENT: Montgomery Watson JOB No.: 97S52180-01
PROJECT: Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE

CHECKED BY: K.U.
SAMPLE: 60 DAY, 50 DEGREE CELSIUS

i ——————————EEEEEE——— -

SPECIMEN Initial Mass Final Mass Percent
No. (oz/sy) (oz/sy) Change

P 43.0 42.2 -1.86

Q i 43.1 43.1 [ 0.0

R l 43.3 43.3 [ 0.02

2

J&L TESTING COMPANY, INC MW6050UW, WK4



DIMENSION CHANGES

CLIENT:
PROJECT:

MATERJAL:
SAMPLE:

Montgomery Watson

Gary Works, Indiana

EPA 9090 Testing Program
60 mil Smooth HDPE

60 DAY, 50 DEGREE CELSIUS

JOB No.: 9752180-01
DATE: 11-15-97
TESTED BY: D.T./K.T.
CHECKED BY: K.U. .

J&L TESTING COMPANY, INC

SPECIMEN Length (MD) Width (CD) Percent

No. (mm) (mm) Change
P (Initial) 100.0 100.0 0.00
P (Final) 100.0 100.0 0.00
Q (Initial) 100.0 100.0 0.00
) (Final) 100.0 100.0 0.00
R (Initial) 100.0 100.0 0.00
R (Final) 100.0 100.0 0.00

MW6050DM. WK4



TENSILE PROPERTIES

ASTM D-638

m

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
, EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE; 60 DAY, 50 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
11-15-97
D.T./K.T.
K.U.

“

REPLICATE No.

PARAMETER UNITS AVERAGE STANDARD

1 2 3 4 5 DEVIATION
Yield Strength (MD) . 1b/in 167.22 161.69 152.42 161.09 164.19 161.32 4.9488
Elongation at Yield (MD)| % 18.46 19.23 20.00 19.23 21.54 19.69 1.0434
Break Strength (MD) Ib/in 307.06 293.75 315.32 288.31 284,27 297.74 11.6806
Elongation at Break (MD % | 889.81 871.91 896.08 858.00 829.16 868.99 24.0145
Yield Strength (CD) 1b/in 154.84 148.67 160.97 164.11 153.91 156.50 5.4534
Elongation at Yield (CD) % 19.23 18.46 19.23 20.77 19.23 19.38 0.7537
Break Strength (CD) Ib/in 266.81 274.88 327.02 296.85 304.52 294.02 21.5103
Elongation at Break (CD) % 838.84 859.87 989.53 903.36 947.29 907.78 35.3371

\R J&L TESTING COMPANY, INC

MWe6Ns0TP.WK4



TEAR RESISTANCE
ASTM D-1004

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 60 DAY, 50 DEGREE CELSIUS

JOB Ng.:
DATE;
TESTED BY:
CHECKED BY:

9752180-01
11-15-97
D.T./K.T.
K.U.

REPLICATE No.

PARAMETER UNITS : AVERAGE STANDARD

' 1 2 3 4 5 DEVIATION
Thickness (MD) mils 61.00 61.50 61.20 60.50 61.50 61.14 0.3720
Tear Resistance (MD) 1b 56.50 57.30 56.70 55.90 58.30 56.94 0.8139
Tear Resistance (MD) Ib/in 926.23 931.71 926.47 923.97 947.97 931.27 8.7267
Thickness (CD) mils 62.00 61.50 60.00 60.00 60.00 60.70 0.8718
Tear Resistance (CD) lb 55.30 56.20 54.20 55.20 54.30 55.04 0.7338
Tear Resistance (CD) 1b/in 891.94 013.82 903.33 920.00 905.00 906.82 9.58%

0\ J&L TESTING COMPANY, INC MWG6050TR. WK4



PUNCTURE RESISTANCE
ASTM D-4833

M

CLIENT: Moutgomery Watson JOB No.: 9752180-01
PROJLCT: Gary Works, Indiana } DATE: 11-15.97

EPA 9090 Testing Program . TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 60 DAY, 50 DEGREE CELSIUS

m

REPLICATE No.
PARAMETER UNITS AVERAGE |STANDARD
1 2 3 4 5 6 7 8 9 10 DEVIATION
Thickness mils | 61.50 | 62.00 | 60.00 | 61.50 | 60.00 | 60.50 | 60.50 | 62.00 | 62.00 | 62.00 61.17 0.85
Puncture Resistance 1 140.65 | 140.25 | 138.45 | 135.62 | 139.62 | 138.00 | 137.85 | 138.90 | 139.57 | 138.47 138.74 0.70
Puncture Resistance Ib/in _|2286.99 |2262.10 {2307.50 |2205.20 |2327.00 |2280.99 |2278.51 |2240.32 |2251.13 2233.39 | 2268.56 31.64

™N

J&L THESTING COMPANY, INC MWwe™ "PR.WK4



HARDNESS
ASTM D-2240

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program
60 mil Smooth HDPE
60 DAY, 50 DEGREE CELSIUS

JOB No.: 9782180-01
DATE: 11-15-97

TESTED BY: D.T./K.T.
CHECEKED BY: K.U.

POINT No.
REPLICATE AVG.
No. 1 2 3 4 5
1 56.0 58.0 58.0 58.0 57.0 57.4
2 55.0 57.0 56.0 57.0 57.0 56.4
3 60.0 39.0 60.0 60.0 55.0 59.6
4 57.0 57.0 58.0 59.0 58.0 57.8
) 57.0 56.0 58.0 57.0 56.0 56.8

J&I. TESTING COMPANY, INC

4

MW6050HD. WK 4



TOTAL VOLATILES
MTM-1

_m

CLIENT: Montgomery Watson JOBNe.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTEDBY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 60 DAY, 50 DEGREE CELSIUS

e .

. REPLICATE No.
TEST UNITS 1 2 3

VOLATILES % 0.06 0.05 0.06

Reference : EPA/600/2-88/052, Appendix G

J&L TESTING COMPANY, INC

5

MW6050V0.WK4



EXTRACTABLES CONTENT
MTM-2

CLIENT: Montgomery Watson JOB No.: 97S2180-01
PROJECT:  Gary Works, Indiana DATE:  11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKFD BY: KU.
SAMPLE: 60 DAY, 50 DEGREE CELSIUS .

Initial Wt. 2.4882 grams
After Extraction 2.4810 grams
%Extractables 0.29

Reference : EPA/600/2-88/052, Appendix E

J&L TESTING COMPANY, INC

7

MW60S0EX. WK4



DENSITY

ASTM D-1505
- - |
CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 60 DAY, 50 DEGREE CELSIUS
Standard Floats
Float No. | ensity, g/c| Depth Corr. Depthl
1* 0.9322 35.2 38.11
2 0.9454 26.5 25.60
3* 0.9560 19 20.80
c= 0.9322
§ = -0.0014
Density = ¢ + s*(specimen depth)
PARAMETER 1 2 3 4 5 AVERAGE
DEPTH 19.5 19.5 20.0 19.6 19.8 19.7
DENSITY 0.9538 0.9538 0.9531 0.9537 0.9534 0.9535

J&L TESTING COMPANY, INC

MW6050DN.WK4

V4




P/

2 % SLCANT MODULUS
ASTM D-5323

CLIENT: Moutgomery Watson JOB No.:
PROJECT: Gary Works, Indiana DATE:

EPA 9090 Testing Program TESTED BY:
MATERIAL: 60 mil Smooth HDPE CHECKED BY:
SAMPLE: 60 DAY, 50 DEGREE CELSIUS

§752180-01
11-15-97
D.T./K.T.
K.U.

REPLICATE No.
PARAMETER UNITS AVERAGE STANDARD
1 2 3 4 5 DEVIATION
2% Secant Modulus (MD) psi 53,642.40 | 51,655.60 | 54,304.60 |51,986.80 |54,966.90 53,311.26 1290.96
2% Secant Modulus (CD) psi 53,973.50 |56,921.40 | 51,655.60 |52,649.00 |52,317.90 53,503.48 1868.34

J&L TESTING COMPANY, INC

MWG050MD. WK4
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FLEX-WALL FLUID COMPATIBILITY TEST SCHEMATIC

FOR GCL’s

« EPA 9100/ASTM D-5084 TEST PROCEDURE”
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RESULTS OF COMPATIBILITY TESTING
US STEEL - GRAND CALMUT RIVER - CAMU
BENTOFIX NW vs SYNTHETIC LEACHATE
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SUMMARY OF TRIAXIAL PERMEABILITY
TEST RESULTS
ASTM D-5084 (METHOD A)
Client MONTGOMERY WATSON Date 12724197
Project Location U.8. STEEL GRAND CALMUT RIVER - CAMU Job No. 0752180-02
: GARY WORKS, INDIANA Tested By KT/MS
Samplc ID BENTOFIX NW GCL Checked By MS
Description CHEMICAL IN TEST LIQUID
Initial Height (in ) 0.33 Final Height (in) 0.30
Initial Dismeter (in) 4.00 Final Diameter (in) 3.85
Initial Volume (in"3) 4.15 Final Volume (in*3) 3.49
Initial Wet Weight (g) 54.80 Final Wet Weight (g) 68.50
Wet Density ( pef) : 50.30 Wet Density { pef) 74.65
Moisture Content % : 47.2 Moisture Content % 84.1
Dry Density (pef) : 34.17 Dry Density (pcf) 40.56
Cell Pressure (psi) = 50.5 Effective Stress (psi} 10
Head Water (psi) : 41.0
Tail Water (psi) 40.0 Gradient : 92.3
DATE TIME EL Time
05/04/97 16:32 SATURATION AND PERMEABILITY WITH WELL WATER 23
05/17/97  08:24 18232.00
Inflow, cc QOutflow, cc Out/Inflow Ave Flow,ecc K, cm/fsec Cum Time, Day
09/17/97 09:15
09/18/97  08:08 1373.00 1.5 1.6 1.07 1.6 2.5E-09 0.95
09/19/97  08:05 1437.00 1.3 13 1.00 1.3 2.0E-09 1.95
09/20/97  08:10  1445.00 1.3 1.4 1.08 1.4 2.1E-09 2.95
09/21/97  13:15 1745.00 1.6 1.25 0.78 1.4 1.8E-09 4.17
09/22/97  08:07 1132.00 0.9 0.90 1.0 1.9E-09 4.95
09/23/97 08:05 1438.00 1.1 1.3 1.18 12 1.9E-09 5.85
09/24/97  08:09 1444.00 1.3 1.15 0.88 1.2 1.9E-09 6.95
09/25/97  08:09 1440.00 1.3 1.25 0.96 1.3 2.0E-0% 7.95
09/26/97  15:54 1905.00 1.6 1.8 1.12 1.7 2.0E-09 9.28
09r29/97  08:09 3855.00 3.4 34 1.00 34 2.0E-09 11.95
09/30/97  08:09 1440.00 14 1.3 0.93 1.4 2.1E-09 12.95
10/01/97  08:10 1441.00 1.6 1.4 0.88 1.5 2.3E-09 13.95
10/02/97 08:10 1440.00 1.45 1.5 1.03 1.5 2.3E09 14.95
10/03/97 08:10 1440.00 1.55 1.46 0.94 1.5 2.3E-09 15.95
10/06/97 08:26 4336.00 4.7 4.7 1.00 4.7 2.4E-09 18.97
10/07/97  08:17 1431.00 15 1.5 1.00 15 2.3E-09 19.96
10/08/97 08:10 1433.00 15 1.5 1.00 1.5 2.3E-09 20.95
10/0%/97  08:10 1440.0Q 1.5 1.5 1.00 1.5 2.3E-09 21.95
10/10/97 08:11 1441.00 1.45 1.4 0.97 1.4 2.2E-09 22.96
10/13/97 08:10 4319.00 4.5 4.5 1.00 4.5 2.3E-09 25.95
10/14/97  08:10 1440.00 1.5 1.5 1.00 15 2.3E-09 26.95
10/15/97  08:14 1444.00 1.55 1.5 0.97 1.5 2.4E-09 27.96
10/16/97  08:13  1435.00 1.6 1.55 0.97 1.6 2.5E-09 28.96
10/17/97  08:13  1440.00 1.55 1.6 1.03 1.6 2.4E-09 29.96
10/20/97 08:09 4316.00 4.45 4.3 0.97 4.4 2.3E-09 32.95
10/21/97 08:10 1441.00 1.5 1.5 1.00 15 2.3e-09 33.85
10/22/97  08:13  1443.00 1.46 1.6 1.10 1.5 2.4E-09 34.96
10/23/97  08:10 1437.00 1.6 1.5 0.94 1.6 2.4E-09 35.95
10/24/97  08:10 1440.00 1.5 1.5 1.00 1.5 2.3E-09 36.95
10/27/97  09:14 4384.00 5 4.55 1.01 435 2.3E-09 40.00
10/28/97  09:10  1436.00 1.5 1.5 1.00 1.5 2.3E-09 41.00
1&1. TESTING COMPANY Inc. JOE No. 9752180-02 MW-EPA1 WK4
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10/29/97  09:07 1437.00 15 1.5 1.00 1.5 Z.3E-09 41.55
10/30/97  09:10 1443.00 1.5 1.5 1.00 1.5 2.3E-09 43.00
10/31/97  09:11 1441.00 1.6 1.5 0.94 1.6 2.4E-09 44.00
11/03/97 . 09:17 4326.00 4.5 4.6 1.02 4.6 2.4E-0% 47.00
11/04/97  09:12 1435.00 1.6 1.5 0.94 1.6 2.4E-09 48.00
11/05/97  05:11 1439.00 14 1.5 1.07 1.5 2.3E-09 49.00
11/06/97  12:36  1645.00 17 1.7 1.00 1.7 2.3E-09 50.14
11/07/97  09:12  1236.00 1.3 1.2 0.92 1.3 2.3E-09 51.00
11/10/97 09:18 4326.00 4.6 4.6 1.00 4.6 2.4E-09 54.00
11/11/97  09:10  1432.00 1.5 1.5 1.00 1.5 2.3E-09 55.00
11/12/97  09:08 1438.00 1.35 1.3 0.96 1.3 2.1E-09 56.00
11/13/97  0%:10 1442.00 1.3 1.3 1.00 1.3 2.0E-09 57.00
11/14/97  09:10  1440.00 1.3 i.3 1.00 1.3 2.0E-09 58.00
11/17/97 09:06 4316.00 3.75 3.6 0.96 3.7 1.9E-09 60.99
11/24/97 16:42 10536.00 8.6 8.7 1.01 87 1.8E-09 68.31
11/25/97  08:21 939.00 0.8 0.8 1.00 0.8 1.9E-09 68.96
11726/97  07:3%  1398.00 12 1.2 1.00 1.2 1.9E-09 69.93
11/28/97 12:00 3141.00 2.6 26 1.00 26 1.9E-09 72.11
12/01/97 16:42  4602.00 3.7 36 0.97 3.7 1.8E-09 75.31
12/04/97 18:25 4423.00 35 34 0.97 3.5 1.7E-09 78.38
12/09/97 10:55 6750.00 5.2 53 1.02 53 1.7E-09 £3.07
12/12/97 14:26  4531.00 3.5 3.5 1.00 3.5 1.7E-09 86.22
12/15/97 14:26  4320.00 3.45 345 1.00 3.5 1.8E-09 85.22
12/17/97  20:10  3224.00 2.5 2.5 1.00 2.5 1.7E-09 91.45
12/22/97  20:30  7220.00 5.6 5.6 1.00 5.6 1.7E-09 96.47
RESULTS OF COMPATIBILITY TESTING
US STEEL - GRAND CAILMUT RIVER - CAMU
BENTOFIX NW v SYNTHETIC LEACHATE
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RESULTS OF COMPATIBILITY TESTING

U.S. STEEL - GRAND CALMUT RIVER CAMU
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SUMMARY OF TRIAXTAL PERMEABILITY

TEST RESULTS
ASTM D-5084 (METHOD A)
Client MONTGOMERY WATSON Date 10-3-97
Project Location U.S. STEEL GRAND CALMUT RIVER - CAMU Job No.. §752180-02
GARY WORKS, INDIANA Tested By KT
Sampie Number CONTROL SAMPLE Checked By MS
Description WELL WATER ONLY
Initial Height (in) 0.33 Final Height (in) 0.31
Initial Diameter (in) 4.00 Final Diameter (in) 3.96
Initial Volume {in*3) 4.15 Final Volume (in*3) 3.8
Initial Wet Weight (g) 54.80 Final Wet Weight (g) 71.20
Wet Density { pef) 50.30 Wet Density ( pef ) 70.98
Moisture Content % 28.0 Moisture Content % 81.2
Dry Density ( pef) 35.29 Dry Density ( pef') 39.17
Cell Pressure {psi) : 54.5 Effective Stress (psi) 10
Head Water {psi) 45.0
Tail Water (psi) : 44.0 Gradient 89.3
DATE TIME EL Time
09/04/97 16:26 SATURATION TEST TEMP, 23
08/16/97 10:20 16914.00
Inflow, ec Cutfiow, cc Out/Inflow Ave Flow,ec K, cm/sec Cum Time, Day
09/16/97 10:25
09/17/97 14:10 1665.00 3 3.95 1.32 35 4.6E-09 1.16
09/17/97 17:10 180.00 0.4 0.4 1.00 0.4 4.9E-09 1.28
05/18/97 08:08 898.00 1 1 1.00 1.0 2.4E-09 1.90
09/19/97 08:05 1437.00 1.3 1.15 0.88 12 1.9E-09 2.90
09/20/97 08:10 1445.00 1.25 1.15 0.92 1.2 1.8E-09 3.91
09/21/97 13:15  1745.00 1.4 14 1.00 14 1.8E-09 5.12
05/22/97 08:07 1132.00 0.9 0.9 1.00 0.9 1.7E-09 5.90
09/23/97 08:05 1438.00 1.2 1.1 0.52 1.2 1.7E-09 6.90
09/24/97 08:09 1444.00 1.2 1.2 1.00 1.2 1.8E-09 7.91
09/25/97 08:09 1440.00 1.2 1.25 1.04 1.2 1.9E-09 8.91
09/26/97 15:54 1905.00 1.6 1.6 1.00 1.6 1.8E-09 10.23
09/29/97  08:09 3855.00 3.2 3.3 1.03 3.3 1.8E-09 12.91
05/30/97  0%:08 1439.00 1.3 i4 1.08 1.4 2.1E-09 13.90
10/01/97  08:10 1442.00 1.4 1.3 0.93 1.4 2.0E-0% 14.91
10/02/97 08:09 1439.00 1.2 1.4 1.17 13 2.0E-0% 15.91
10/03/97  08:07 1438.00 1.1 1.32 1.20 1.2 1.8E-09 16.90
10/06/97 13:20  4633.00 3.6 3.7 1.03 3.7 1.7E-09 20.12
10/07/97 16:35 1635.00 1.5 1.6 1.07 1.6 2.1E-09 21.26
10/08/97 14:50 1335.00 1.3 1.2 0.2 1.3 2.0E-09 22.18
10/05/97 16:55 1565.00 1.5 1.4 0.93 1.5 2.0E-09 23.27
10/10/97  08:10  915.00 0.8 0.8 1.00 0.8 1.9E-09 23.91
10/13/97 16:53  4843.00 3.85 4.1 1.06 4.0 1.8E-09 27.27
10/14/97  08:10  917.00 0.55 0.85 1.55 0.7 1.7E-0% 27.61
10/15/97 08:14 1444.00 1.39 1.05 0.76 1.2 1.8E-09 28.91
10/16/97 08:13 1439.00 1.01 1.1 1.09 1.1 1.6E-09 25.91
10/17/97 03:13 144000 1.1 1.2 1.09 1.2 1.7E-0% 30.91
10/20/97 08:09 4316.00 3.1 3.15 1.02 3.1 1.6E-09 33.91
10/21/97 08:10  1441.00 1.1 1 0.91 1.1 1.6E-09 34.91
10/22/97 08:13  1443.00 1.15 1.2 1.04 12 1.8E-0% 35.91
10/23/97 08:10 1457.00 1.1 1.2 1.09 1.2 1.8E-0% 36.91
10/24/97 08:10 1440.00 i.2 1.1 0.92 1.2 1.7E-08 37.91
J&L TESTING COMPANY Inc. JOB No. 5752180-02 01/02/98 MW-EPA2 WEK4
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16/27/91  09:13  4383.00 3.6 33 0.92 3.5 1.7E-0% 40.95
10/28/97  0%:10 1437.00 1.3 13 1.0C 1.3 2.0E-09 41.95
10/29/97  09:07 1437.00 1.25 1.3 104 1.3 1.9E-0% 42.95
10/30/97  09:10 1443.00 1.3 1.3 1.00 1.3 2.0E-09 43.95
16/31/97  09:11  1441.00 1.3 1.3 1.00 1.3 2.0E-09 44.95
11/03/97  09:17 4326.00 4 4.1 1.03 4.1 2.GE-09 47.95
11/04/97  09:12  1435.00 1.25- 1.35 1.08 1.3 2.0E-09 48.95
11/05/97  09:10 1438.00 1.3 1.2 0.92 1.3 1.9E-09 49.95
11/06/97 12:35 1645.00 1.4 1.4 1.00 1.4 1.9E-09 51.09
11/07/97  09:12  1237.00 1.05 1.1 1.05 1.1 1.9E-09 51.95
11/10/87  09:17 4325.00 3.45 3.4 0.99 3.4 1.7E-09 54.95
11/11/97  09:10 1433.00 1.35 1.35 1.00 1.4 2.1E-0% 55.95
11/12/97  09:08 1438.00 1.3 1.3 1.00 1.3 2.0E-09 56.95
11/13/97  09:10 1442.00 1.25 1.2 0.96 1.2 1.9E-0% 57.95
11/14/97  09:10  1440.00 1.3 1.3 1.00 1.3 2.0E-09 . 58.85
11/17/97  09:06 4316.00 4 3.9 0.98 4.0 2.0E-0% 61.95
11/25/97  08:21 11475.00 10.4 10.4 1.00 10.4 2.0E-0% 69.91
11/26/97  07:39  1398.00 1.3 1.3 1.00 1.3 2.0E-09 70.88
11/28/97 13:16  3211.00 3 3 1.00 3.0 2.0E-09 73.11
12/01/97  16:42 4532.00 4 4 1.00 4.0 1.9E-09 76.26
12/04/97  18:25  4423.00 3.9 39 1.00 3.9 1.9E-0% 79.33
12/09/97  08:30 6605.00 5.8 5.9 1.02 5.9 1.9E-09 §3.92
12112197 14:25  4675.00 4.3 © 43 1.00 4.3 2.0E-09 87.17
12/15/97 15111  4366.00 3.95 4 1.01 4.0 2.0E-0% 90.20
RESULTS OF COMPATIBILITY TESTING
U.8. STEEL - GRAND CALMUT RIVER CAMU
BENTOFIX NW vs. WELL WATER - CONTROL SAMPLE
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J&L TESTING COMPANY, INC.

GEOTNICAL AND GEOSYNTHETICS MATERIALS TESTING AND RESEARCH

February 26, 1998
0752180-01
Montgomery Watson
One Science Court
P.O. Box 5385
Madison, W1 53705-0385

Attm:  Valerie Ranguette, P.E.

RE: GEOSYNTHETIC LABORATORY TESTING
U.S. STEEL GRAND CALMUT RIVER CAMU
FINAL REPORT

Dear Ms. Ranguette:

J&L Testing Company, Inc. (JLT) is pleased to submit this final report of testing performed to
evaluate the compatibility of geosynthetics materials for the above referenced project. The purpose of this
report is to provide you with a copy of the data and results, allow you to review the data, and provide any
comments. The work performed and summarized herein includes:

1) Preparation of synthetic leachate
2) Compatibility testing of geomembrane in accordance with EPA 9090A protocols using the

leachate generated above

The following sections describe the details of the preparation of the leachate, the compatibility
testing program and results of tests.

1. Leachate Preparation

The synthetic leachate used for the compatibility and the biological clogging tests was prepared by
mixing the required organic chemicals with well water. The required concentration recipe of each
“organic compound in the final solution was provided to JLT by Montgomery Watson and are as

follows:
Chemical Concentration
Toluene 100 mg/L
Naphthalene 100 mg/L
Dibenzofuran 10.0 mg/L

These chemicals were purchased in pure state. Three (3) batches, each sufficient to prepare 28 liters
of the synthetic feachate were prepared. The following outlines further details of the leachate
preparation.

- The organic compounds were weighed to the nearest 0.0001g using an analytical balance
and mixed.

938 Scuth Central Avenue - Canonsburg, Pennsylvania 15317 Tel: (724) 746-4441 Fax: (724) 745-4261
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- To insure that the compounds would dissolve in water, the organic mix was dissolved in
acetone. The resulting mix was then stored in a glass bottle with a teflon-lined cap.

- Two (2) stainless steel 55-galion drums were purchased and filled with 28 liters of well
water each. The water used was previously tested for pH and metals (see Table 1).

- A bottle containing the proportioned mix was emptied into each of the water drums and
thoroughly mixed.

> Two (2) samples were taken from each of the two (2) water-chemical drums and tested for

concentration of the chemicals for confirmation. Results of the confirmatory testing are

presented on Table 2.

- This prepared synthetic leachate was then used to set up the compatibility and biological
clogging tests.
Table }
Analytical Results
Well Water Used for Preparing Synthetic Leachate

Parameter Method Result Units
pH EPA 150.1 7.31 su
Barium EPA 200.7 0.08 mg/L
Calcium EPA 200.7 847 mg/L
Iron EPA 236.1 0.56 mg/L
Magnesium EPA 200.7 16.9 mg/L
Manganese EPA 243.1 <0.01 mg/L
Sodium EPA 273.1 40.7 mg/L
Zinc EPA 289.1 0.03 mg/L

Table 2
Synthetic Leachate
Confirmatory Test Resuits
Parametgr Method Sample from Drum | Sample from Drum
A B
1 2 1 2

Toluene SW-846- §021A 137.0 109.0 103.2 103.2
Naphthalene SW-846-8270C 772 101.0 102.6 103.7
Dibenzofuran SW-846-8270C 14.8 11.2 1.4 11.7 |
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2. Geomembrane Compatibility Testing

In accordance with the laboratory testing program developed by Montgomery Watson, a sample of
60 mil Smooth HDPE geomembrane was tested for compatibility with the synthetic leachate. The
geomembrane used was manufactured by National Seal Company (NSC) and was supplied to JLT
at Montgomery Waston's request for the purpose of this testing. The compatibility testing was being
performed in accordance with EPA 9090A protocols. The work performed is summarized below.

Three (3) groups of gemembrane coupons were prepared for testing.

> One group was tested for all the required properties to establish baseline data. The group
used for the baseline testing was not exposed to the leachate.

- The second group of samples was prepared and immersed in a tank of leachate maintained-
at 23°C.
- The third group of samples was prepared and placed in a leachate tank maintained at 50°C.

> Both the 23°C and 50°C tanks contained sufficient coupons to test for the required
properties in both the machine direction (MD) and cross direction (CD).

- Samples were drawn from each of the two (2) tanks at 30-day intervals and tested for the
required properties.

- The following measurements and tests were performed on the baseline samples as well as
the samples retrieved from the temperature controlled tanks:

Thickness ASTM D-5199
Dimensions {length and width) ASTM D-751
Weight ASTM D-5261
Tensile Properties ASTM D-698
Tear Resistance ASTM D-1004
Puncture Resistance ASTM D-4833
Hardness : ASTM D-2240
Volatiles EPA/600/2-88/052
Extractables EPA/600/2-88/052
Density ASTM D-1505
Secant Modulus (2%) ASTM D-5323
These were the basic indicator tests required for the project in accordance with ASTM D-
5747 and per EPA 9090A.
- The results of tests performed were then compared against the baseline data as well as the

data from previous intervals for evaluation.
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- Appendix A presents the summary tables and graphical representations for test data obtained
over the 120-day testing period.

- Appendix B presents the test results of the baseline testing.

- Appendix C presents the test results for the 30-day samples.

- Appendix D presents the test results for the 60-day samples.

> Appendix E presents the test results for the 90-day samples.

- Appendix D presents the test results for the 120-day samples.

We appreciate the opportunity to provide the above testing services to Montgomery Watson and look
forward to working with you again. Should you, upon review of the information presented herein, have any
questions, comments or require additional information, please call. Thank you.

Sincerely,

J&L TESTING COMPANY, INC.

/]% Urbanec, P.E. & ,

Project Manager
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CLIENT:

PROJECT:

MATERIAL:

EPA 9090 TESTING
SUMMARY TEST RESULTS

TENSILE PROPERTIES ASTM D-638

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program
60 mil Smooth HDFE

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9782180-01

01-12-58

D.TJK.T.

K.U.

23 Deg C

TEST Baseline 30 day Immersion 60 day Immersion 90 day Immerzion 120 day Tmmersion
{ Average Avcrape Change, % Averge Change, % Averape Change, % Average Chengpe, %
|

Yiakd Stremgh (M) (/o] 157.18 156.26 -.59 158.65 0.94 155.53 -1.05 156.73 -0.2%
| Elmpation al Yied (MD) [$1 20.62 18.23 -6.74 19.69 -4.51 19.85 -3.73 19.54 -5.24

Brwak Stroagth (MD) [Tn/in] 263.87 303.65 15.08 290.27 10.00 264.17 0.11 279.50 5.92
Elom. 3t Brwk (MD) [%] 717.15 888.91 14.38 B845.39 8.78 777.27 0.02 815.58 4.94

Yield Straneth (CD) [Mbin]) 175.73 165.48 -5.83 161.86 .7.89 158.85 -9.61 - 158.59 -9.75
| Eongssion at Yidd (CD) £%] 21.69 18.92 -12.77 18.77 -13.46 18.62 -14.15 18.62 -14.15

Brmk Strvagés (CD) ib/z) 263.79 295.59 12.06 285.25 3.14 265.41 0.61 273.48 3.67
[ Eiomg. at Break (CD) {%] 811.34 507.83 11,89 890.79 9.79 835.33 2.96 872.76 7.57

50 Pez C
TEST. Baseline 30 dav Immersion 60 dav Immersion 90 day Immersion 120 day Immersion
Averepe Average Change. % Average Change. % Average. Change, % Avctege Change, %
Vil Scrmyth (WD) TTb/in] 157.18 162.09 3.12 161.32 2.63 159.31 1.36 159.41 1.42
jom at Yiedd (MD) [5] 20.62 1569 -4.51 19.69 -4.51 19.85 -3.73 19.85 -3.73

Broak Strangth (MD) fb/in) 263.87 313.94 18.98 297.74 12.84 263.42 -0.17 21635 4.73
Einy. at Brouk (MD) I%R] 777.15 903.98 16.32 868.99 11.82 782.87 0.74 814.96 4.87

Yiedd Stronpts (CD) Tib/is] 175.73 161.20 -5.27 156.50 -10.94 162.43 -7.57 162.50 -7.53
:  Eompation st Yiek! (€D {%) 21.69 19.54 -2.91 19.38 -10.65 18.92 -12.77 19.23 -11.34
| ootk Smemgth (CD) lhis) 253.79 307.49 - 16.57 29402 11.46 272,47 329 277.85 5.33
IEone. t Brouk (CD) [%) 811.34 952.83 17.44 907.78 11.89 845.56 422 870.39 728
i

/ a—f / (7
J&T TESTING COMPANTY, Inc. 97G2203-01 TENSUM.WK4



EPA 9090 TESTING
SUMMARY TEST RESULTS
TENSILE PROPERTIES ASTM D-638

o

J&L TESTING COMPANY, Inc.

YIELD STRENGTH (MD) [ib/in]

150

i L| I

Client:  Montgomery Watson Job Number: 9752180-01
Project:  Gary Works, Indiana YIELD STRENGTH Date: 1-12-98
EPA 9090 Testing Program MACHINE DIRECTION Tested By: D.T./K.T.
Material: 60 mil Smooth HDPE Checked By: K.U.
170
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160 |- ' ' \
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30 60 20
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97G2203-01

120

YSMGRF.WK4



EPA 9090 TESTING
SUMMARY TEST RESULTS
TENSILE PROPERTIES ASTM D-638

Client: Montgomery Watson Job Number: 9752180-01
Project: Gary Works, Indiana YIELD STRENGTH Date: 1-12-98
EPA 9090 Testing Program CROSS DIRECTION Tested By: D.T./K.T.
Material: 60 mil Smooth HDPE Checked By: K.U.
200
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J&L TESTING COMPANY, Inc. 97G2203-01 YSCGRF.WK4



EPA 9090 TESTING
SUMMARY TEST RESULTS
TENSILE PROPERTIES ASTM D-638

Client: Montgomery Watson
Project: Gary Works, Indiana

Material: 60 mil Smooth HDPE

EPA 9090 Testing Program

BREAK STRENGTH
MACHINE DIRECTION

Job Number:
Date:
Tested By:
Checked By:

9752180-01
1-12-98
D.T./K.T.
K.U.

=

J&L TESTING COMPANY, Inc.:

BREAK STRENGTH (MD) [tb/in]

350

300 +

250 |-

200

—

30 60
IMMERSION PERIOD (days)

E50DegC ©23DegC

97G2203-01

9.0 120

BSMGRF . WK4



EPA 9090 TESTING
SUMMARY TEST RESULTS
TENSILE PROPERTIES ASTM D-638

Client: Montgomery Watson Job Number: 9752180-01
Project:  Gary Works, Indiana BREAK STRENGTH Date: 1-12-98
EPA 9090 Testing Program CROSS DIRECTION Tested By: D.T./K.T.
Material: 60 mil Smooth HDPE Checked By: K.U.
350
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5 —
= 300 |
a
Y
= /i
5
z
o
E.q
[27]
E 250 |-
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m
200 ' 1 L
0 30 60 90 120
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J&L TESTING COMPANY, Inc. 97G2203-01 BSCGRF.WK4



EPA 9090 TESTING
SUMMARY TEST RESULTS
TEAR RESISTANCE - ASTM D-1004

W

CLIENT:
PROJECT:

MATERIAL:

Montgomery Watson JOB No.: 9752180-01
Gary Works, Indiana DATE: 01-12-98
EPA 9090 Testing Program TESTED BY: D.T.JKT.
60 mil Smooth HDPE CHECEED BY: K1,

W

J&L TESTING COMPANY, Inc.

23 Deg C
TEST Bascline 30 day Immersion 60 day Immersion 90 day Immersion 120 day Immersion
Averupe Avcruge Change, % Average Change, % Average Change, % Average Change, %
THICKNESS [mlk] 60.88 60.20 -1.12 61.10 0.36 60.60 -0.46 50.84 0.07
RESISTANCE (MD} fTea 54.78 54.66 022 55.82 1.90 56.54 3.21 52.41 -4.33
RESISTANCE (MD) [Ib/in) 900.50 908.04 (.84 913.69 1.46 933.05 3.61 861.32 -4.35
23 Dez C
TEST Bascline 30 day Immersion 60 day Immersion 90 day Immersion 120 day Immersion
Average Averape Change, % Average Change, % Average Change, % Avcrapge Change, %
“THICKNESS [rnil) 60.64 50.40 -0.40 60.80 0.26 60.60 -0.07 60.80 0.26
REFISTANCE (CT) [Ts] 53.85 54.84 1.84 55.78 3.58 56.38 4.70 51.19 -4.94
RESISTANCE (CD)_[Bafim] 888.17 907.93 222 917.48 3.30 930.46 4.76 841.80 -5.22
50Deg €
REPLICATE No. Baseline 30 day Immersion 60 day Immersion 90 day Immersion 120 day Immersion
Average Average Change, % Avcrage Change, % Average Change, % Average Change, %
THICKNESS [aih) 60.88 59.90 -1.61 61.14 0.43 60.60 -0.46 _60.40 -0.79
RESISTANCE (MD) [Tos) 54.78 56.20 2.59 56.94 3.94 57.50 4.97 52.75 -3.71
RESISTANCE MD) _[Ib/ia) 900.50 938.29 4.20 931.27 3.42 948.90 5.37 £73.33 -3.02
50Dez C
REPLICATE No. Bascline 30 day Immersion 60 day Immersion 90 day Immersion 120 day Immersion
Average Avcrage Change, % Averapge Change. % Average Change, % Average Change, %
THICKNESS fmiks] 60.64 60.40 -0.40 60.70 0.10 60.30 .56 61.14 0.82
RESISTANCE (CD) [Wx] 53.85 53.73 -0.22 55.04 221 55.62 3.29 5221 -3.05
RESISTANCE (CD)_{To/ea] 888.17 889.75 0.18 906.82 2.10 922.51 3.87 853.95 -3.85
97G2203-01 TRSUM.WK4



EPA 9090 TESTING
SUMMARY TEST RESULTS
TEAR RESISTANCE ASTM D-1004

Client: Montgomery Watson Job Number: 9752180-01
Project:  Gary Works, Indiana ) Date: 1-12-98
EPA 9090 Testing Program MACHINE DIRECTION Tested By: D.T./K.T.
Material: 60 mif Smooth HDPE Checked By: K.U.
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EPA 9090 TESTING
SUMMARY TEST RESULTS
TEAR RESISTANCE ASTM D-1004

Client: Montgomery Watson
Project: Gary Works, Indiana

Material: 60 mil Smooth HDPE

EPA 9090 Testing Program

CROSS DIRECTION

Job Number:
Date:
Tested By:
Checked By:

9752180-01
1-12-98
D.T./K.T.
K.U.

A

J&L TESTING COMPANY, Inc.

RESISTANCE (CD} [It/in]
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EPA %030 TESTING
SUMMARY TEST RESULTS
PUNCTURE RESISTANCE - ASTM D-4833

97521800

: - Moomcry Watson JORB No.:

PRGJECT: Gary Works, Indiana DATE: 01-12-98
EPA $090 Testing Program TESTED BY: D.T.JK.T.
MATERIAL: 60 il Smooth HDPE ‘ CHECKED BY: KU

23 Beg C
‘FEST Bascline 30 day Immersion 60 day Immersion 90 day Immersion 120 day Immersion
Average Averuge Chanpe, % Average Change, % Averege Change, % __Averege Change, %
THICKNESS [mis} 59.48 61.00 2.56 61.17 2.84 60.75 2.14 60.83 2.27
RESISTANCE _{Tos) 131.04 133.90 2.18 134.07 2.31 132.71 1.27 131.42 0.29
RESISTANCE [ib/i} 2203.01 2195.25 0.35 2192.04 -0.50 2184.38 .85 2160.30 1.94
50 Dep C
REPLICATE No. Bascline 30 day Immersion 60 day Immersion 90 day Immersion 120 day Immersion
Average Avcrape Change, % _Average Change, % Avoruge Change, % Average Chanpe. %
THICKNESS [wili] 59.48 60.53 1.77 61.17 2.84 61.65 3.65 60.83 2.27
RESISTANCE [Tbs) 131.04 137.14 4.66 138.74 5.88 134.78 2.85 131.42 0.29
RESISTANCE {Thiin) 2203.01 2265.58 284 22168.56 2.98 2186.25 -0.76 2160.30 -1.94

J&L TESTING COMPANY, Ine, 97G2203-01 PNCSUM.WK4



EPA 9090 TESTING
SUMMARY TEST RESULTS
PUNCTURE RESISTANCE ASTM D-4833

Client: Montgomery Watson . Job Number: 9782180-01
Project:  Gary Works, Indiana Date: 1-12-98
EPA 9090 Tesiing Program Tested By: D.T./K.T.
Material: 60 mil Smooth HDPE Checked By: K.U.

2500

RESISTANCE [ib/in]
D

2000 1 L L
] 30 60 90 120

IMMERSION PERIOD (days)

g50DegC ©23DegC

J&L TESTING COMPANY, Inc. _ 97G2203-01 PNCGRF.WK4



EPA 9058 TESTING
SUMMARY TEST RESULTS
HARDNESS - ASTM D-2240

CLIENT:  Montgomery Watson 9752180-01

PROJECT: Gary Works, Indians DATE: 01-12-58
EPA 9090 Testing Program TESTED BY: D.TJK.T.
MATERIAL: 60 mi} Smooth HDPE CHECEED BY: K.U.

23 Dee C
TEST Bascline 30 day Immersion 60 day Immersion 80 day Immersion 120 day Immergion
Average Averege Change, % Average Change, % Average Change, % Average Change, %
READING [Dure D 60.30 58.60 -2.82 57.00 -5.47 60.20 0.17 60.60 0.50
50 Deg C
REPLICATE No. Baseline 30 day Immersion 60 day Immersion 90 day Immersion 120 day Immersion
Average Average Change, % Averzge Change, % Average Change, % Averuge Change, %
READING _[Duo D) 60.3¢ 58.40 -1.49 56.80 -5.80 60.40 0.17 59.40 -1.49

)

J&:L. TESTING COMPANY, Inc. 97G2203-01 HRDSUM. WK4



EPA 9090 TESTING
SUMMARY TEST RESULTS
HARDNESS ASTM D-2240

Client; Montgomery Watson Job Number: 9752180-01
Project: Gary Works, Indiana Date: 1-12-98
EPA 9090 Testing Program Tested By: D.T./K.T.
Material: 60 mil Smooth HDPE Checked By: K.U,
70
65
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50 | | |
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J&L TESTING COMPANY, Inc. 97G2203-01 HRDGRF.WK4



CLIENT:

PROJECT:

MATERIAL

Montgomery Watso:
Gary Works, Indiana
EPA 9080 Testing Program
60 mil Smooth HDPE

EPA 903 TESTING
SUMMARY TEST RESULTS

VOLATILES

JOB No.

9752180-01
DATE: 01-12-58
TESTED BY: D.T./KT.
CHECEED BY: K.U.

23 Deg C’
TEST Bascline 30 day Immersion 60 day Immersion 90 day Immersion 120 day Immersion
Average Averge Change, % Avemage Change, % Average Change, % Avoruge Change, %
VOLATILES (%] 0.10 0.10 0.00 0.05 -50.00 0.03 -70.00 0.06 -40.00
50Dep C
REPLICATE Na. Bascline 30 day Immersion 60 day Immersion 90 day Immersion 120 day Immersion
Average Averags Change, % Avorage Change. % Averuge Change, % Average Change, %
VOLATILES [%1 0.10 0.13 30.00 0.05 -50.00 0.06 -40.00 0.06 =40.00
I&L TESTING COMPANY, Inc. 97G2203-01

VOLSUM.WK4



EPA 9090 TESTING
SUMMARY TEST RESULTS
VOLATILES

Client: Montgomery Watson Job Number: 9752180-01

Project: Gary Works, Indiana Date: 1-12-98
. EPA 9090 Testing Programn Tested By: D.T./K.T.
Material: 60 mil Smooth HDPE Checked By: K.U.
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EPA 9090 TESTING
SUMMARY TEST RESELTS
EXTRACTABLES

Montgocry Watson

9752180-01
PROJECT: Gary Works, Indiana 01-12-98
EPA 9050 Testing Program TESTED BY: D.T.JK.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: KU.

I Dex C
TEST Baseline 30 day Immersion 60 day Immersion 90 day Immersion 120 day Immersion
' Averege Average Change, % Average Change, % Averape Change, % Average Change, %
EXTRACTABLES I%] 0.66 0.66 0.00 0.33 -50.00 0.32 -51.52 0.35 4697
50 Des C
REPLICATE No. Baseline 30 day Immersion 60 day Immersion 90 day Immersion 120 day Immersion
Awvcrage Averege Change, % Avernge Change, % Average Change, % Average Chasnge, %
EXYRACTABLES [%) 0.66 0.56 -15.15 029 -56.06 0.19 ~71.21 0.22 -56.67
J1&L TESTING COMPANY, Inc. 97G2203-01

EXTSUM.WK4



EPA 9090 TESTING

SUMMARY TEST RESULTS
EXTRACTABLES
Client:  Montgomery Watson Job Number: 9752180-01
Project: Gary Works, Indiana Date: 1-12-98
EPA 9090 Testing Program Tested By: D.T./K.T.
Material: 60 mil Smooth HDPE Checked By: K.U.
1
075 -
a
2
il 0.5 -
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EPA 9090 TESTING
SUMMARY TEST RESULTS
2 % SECANT MODULUS ASTM D-5323

CLIENT: “Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 01-12-98
EPA %090 Testing Program TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: XU

23 Deg C
TEST Bascline 30 day Immerzion 60 day Immersion 90 day Immersion 120 day Immersion .
Average Average Change, % Average Change, % Averape Change, % Average Change, %
MODULYS (MI) 50993.36 51390.72 0.78 52111.20 2.19 54844.73 7.55 51446.09 0.89
MODULUS (CD) 54172.16 52715.22 -2.69 54304.64 0.26 60975.61 13.34 53645.29 -1.03
50 Deg C
REPLICATE Na. Baseline 30 day Immersion 60 day Immersion 90 day Immersion 120 day Immersion
Averepe Average Change, % Average . | Change, % Averuge Change, % Average Change, %
MODULUS (MD)_fped] 50093.36 50993.36 0.00 53311.26 4.55 56510.73 10.82 48379,05 -5.13
MODULUS 54172.16 50093.36 -5.87 53503.48 -1.31 56843.93 524 52379.05 -3.52

/7

J&JI. TESTING COMPANY, Inc. 97G2203-01 MODSUM. WK4



EPA 9090 TESTING
SUMMARY TEST RESULTS
2 % SECANT MODULUS ASTM D-5323

Client: Montgomery Watson Job Number: 9752180-01
Project: Gary Works, Indiana Date: 1-12-98
EPA 9090 Testing Program MACHINE DIRECTION Tested By: D.T./K.T.
Material: 60 mil Smooth HDPE Checked By: K.U.
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J&I. TESTING COMPANY, Inc. 97G2203-01 MODMGR.WK4



EPA 9090 TESTING
SUMMARY TEST RESULTS
2 % SECANT MODULUS ASTM D-5323

[

P7e/

&L TESTING COMPANY, Inc.

Client: Montgomery Watson Job Number: 9752180-01
Project: Gary Works, Indiana Date: 1-12-98
EPA 9090 Testing Program CROSS DIRECTION Tested By: D.T.JK.T.
Material: 60 mil Smooth HDPE Checked By: K.U.
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NOMINAL THICKNESS
ASTM D-5199

CLIENT: Montgomery Watson JOB No.: 9782180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program (Baseline) TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

THICKNESS [mils]

SPECIMEN ; ' AVG.

No. 1 2 3 4 5
A 59.0 60.0 60.0 59.0 60.0 59.6
B 61.0 61.0 65.0 61.3 61.3 61.9
C 60.5 60.5 60.0 60.0 60.0 60.2
| D 60.5 60.5 60.0 60.0 60.0 60.2
E 60.5 61.0 61.7 61.7 61.7 61.3
F 61.5 61.5 60.5 60.5 61.3 61.1
G 60.5 60.5 59.5 59.5 58.5 59.9
H 60.5 60.5 59.5 60.0 59.5 60.0
I 60.5 60.0 61.0 60.5 60.5 60.5
] 60.0 60.0 60.5 60.5 60.5 60.3
| K 61.0 61.0 61.0 60.5 60.5 60.8
: L 60.0 59.0 60.0 59.5 58.7 59.4
M 59.0 - 55.0 60.0 59.9 59.3 59.4
N 60.7 60.5 61.0 61.0 61.0 60.8
O 60.0 59.9 60.0 60.5 60.0 60.1
P 61.0 60.8 60.8 61.0 61.0 60.9
Q | 615 61.3 60.5 60.4 61.0 60.9
R 61.5 61.5 61.3 61.0 60.5 61.2
S 60.7 60.7 61.5 61.8 61.8 61.3
T 60.0 60.5 61.8 61.5 61.5 61.1
U 60.0 60.0 61.0 60.5 60.5 60.4
\% 59.5 60.5 60.5 60.0 60.5 60.2
W 61.0 60.0 61.0 61.5 61.0 60.9
X 60.0 60.8 60.8 60.4 60.5 60.5

|

AVERAGE 60.43 60.46 60.79 60.52 60.50 60.54

Ay

J&L TESTING COMPANY, INC MWOO00TH. WK4



DENSITY

ASTM D-1505
e
CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 10-15-97

EPA 9090 Testing Program (Baseline) TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKEDBY: K.U.
1
Standard Floats
Float No. | ensity, g/c{ Depth Corr. Depth:
1* 0.9322 33.6 33.98
2 0.9454 23.2 21.84
3* 0.9560 16.2 17.18 |
c = 0.9322
s = -0.0014

Density = ¢ + s*(specimen depth)

PARAMETER i 2 3 4 5 AVERAGE
DEPTH 20 19.6 19 17 17.4 18.60
DENSITY 0.9515 0.9520 0.9529 0.9557 0.9552 0.9535

J&L TESTING COMPANY, INC MWOOODN.WK4



MASS PER UNIT AREA

ASTM D-5261

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana

EPA 9090 Testing Program (Baseline)
MATERIAL: 60 mil Smooth HDPE

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
10-15-97
D.TJ/K.T.
K.U.

J&L TESTING COMPANY, INC

REPLICATE No.
PARAMETER UNITS AVERAGE STANDARD
1 2 3 4 5 DEVIATION
Area s¢. em. | 100.00 100.00 100.00 100.00 100.00 100.00 0.0000
Weight _pms 14.4821 14.6665 14.4366 14.6567 14.6783 14.5840 0.1030
Mass per Unit Area  |lb/sq. ft.| 0.297 0.300 0.296 0.300 0.301 0.299 0.0021

MWO000MU. WK4



CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

EXTRACTABLES CONTENT

MTM-2
e
Montgomery Watson : JOB No.: 9752180-01
Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTEDBY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.
BASELINE TESTING
25—
Initial Wt. 2.3132 grams
After Extraction 2.2980 grams
%Extractables 0.66

Reference : EPA/600/2-88/052, Appendix E

4

J&L TESTING COMPANY, INC MWO00EX. WK4



HARDNESS
ASTM D-2240

CLIENT: Montgomery Watson JOB Ne.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program (Baseline) : TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

PGINT No.
REPLICATE : AVG.
No. 1 2 3 4 5
1 60.0 61.0 60.0 60.0 60.5 60.3
2 61.0 61.0 61.0 60.0 59.0 60.4
3 61.0 61.0 60.5 61.0 60.5 60.8
4 60.5 61.0 61.0 60.5 60.5 60.7
5 61.0 60.5 60.0 59.5 60.5 60.3

5

J&1. TESTING COMPANY, INC ' MWOO0HD. WK4



2 % SECANT MODULUS

ASTM D-5323

#

CLIENT:
PROJECT:

MATERIAL:

Montgomery Watson
Gary Works, Indiana

EPA 9090 Testing Program (Baseline)

60 mil Sinooth HDPE

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
10-15-97
D.T./K.T.
K.U.

H

REPLICATE No.
PARAMETER UNITS AVERAGE STANDARD
‘ i 2 3 4 5 DEVIATION
2% Secant Modulus (MD) psi 54,304.60 | 47,682.10 | 47,682.10 § 52,317.90 | 52,980.10 50,993.36 2778.30
2% Secant Modulus (CD) psi 52,980.10 | 52,980.10 | 52,980.10 | 57,615.90 | 54,304.60 54,172.16 ~1796.66

N

J&L TESTING COMPANY, INC

MW00OMOD.WK4



NOTCHED CONSTANT TENSILE LOAD
ASTM D-5397

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson JOB No.: 978218001
Gary Works, Indiana DATE:  10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.
BASELINE TESTING

Average Stress at Yield (Ib/in) = 175.73
Applied Stress (Ib/in) = 52.72
Sample thickness (mil) = 60.5
Notch depth (mil) = 12.1

Minimum required time period = - 200 hrs

Results ;  No failures

4

J&L TESTING COMPANY, INC MWOOONC. WK4



PUNCTURE RESISTANCE
ASTM D-4833

#

CLIENT: Montgomery Watson

JOB No.: 9752180-01
PROJECT:  Gary Works, Indiana DATE:  10-15-97
EPA 9090 Testing Program (Baseline) TESTED BY: D.T/K.T.
MATERIAL: 60 mil Smooth HDPE

CHECKED BY: K.U.

W’

) REPLICATE No,
PARAMETER UNITS AVERAGE |STANDARD
1 2 3 4 5 6 7 8 9 10 DEVIATION
Thickness mils | 59.86 | 59.98 | 60.38 | 60.18 | 60.06 | 59.30 | 59.00 i 59.00 | 60.00 | 59.50 59.48 0.43
Puncture Resistance I 131.66 | 131.52 | 132,22 ] 135.60 | 133.37 | 128.95 | 127.10 | 130,40 ! 134.30 | 132.10 131.04 2.50
Puncture Resistance /in  12199.47 1219273 |2189.80 |2253.24 {2220.61 {2174.54 [2154.24 |2210.17 |2238.33 [2220.17 | 2203.01 29.13

J&L TESTING COMPANY, INC MWOOOPR.WK4



TENSILE PROPERTIES

ASTM D-638

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana

EPA 9090 Testing Program (Baseline)
MATERIAL: 60 mil Smooth HDPE

JOB No.:
DATE;
TESTED BY:
CHECKED BY:

9752180-01
10-15-97
D.T./K.T.
K.U.

REPLICATE No.
PARAMETER UNITS - AVERAGE | STANDARD
1 2 3 4 5 DEVIATION
Yield Strength (MD) Ib/in_| 180.65 135.08 176.21 172.18 121,77 157.18 23.9984
Elongation at Yield (MD)| % 20.00 15.38 26.92 24.62 16.15 20.62 4.5482
Break Strength (MD) /in | 266.53 | 226.61 | 277.42 | 266.13 | 282.66 263.87 19.6824
Elongation at Break (MD| % 750.95 | 768.31 | 788.95 | 767.17 | 810.40 777.15 20.5386
Yield Strength (CD) Ib/in | 174.19 176.21 175.40 | 178.23 174.60 175.73 1.4290
Elongation at Yield (CD)| % 17.69 24.62 21.54 22.31 22.31 21.69 2.2506
Break Strength (CD) Ib/in | 258.87 | 285.08 | 250.00 | 274.60 | 250.40 263.79 13.8827
Elongation at Break (CD)| % 799.77 | 880.68 | 765.50 | 833.58 | 777.15 811.34 41.7298
s MWOO0OTP. WK4

J&L TESTING COMPANY, INC



S

TEAR RESISTANCE
- ASTM D-1004

#

CLIENT:
PROJECT:

MATERIAL:

Montgomery Watsoin JOB No.:  9752180-01
Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program (Baseline) TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

H

REPLICATE No.
PARAMETER UNITS _‘ AVERAGE | STANDARD
1 2 3 4 5 DEVIATION
Thickness (MD) mils 60.00 61.38 61,35 61.18 | 60.50 60.88 0.5425
Tear Resistance (MD) Ib 56.40 53.42 55.20 54.30 54.60 54.78 0.9913
Tear Resistance {MD) 1b/in 940.00 870.39 899.76 887.62 902.48 900.05 22.9628
Thickness (CD) mils 60.17 60.73 60.80 61.00 60.50 60.64 0.2855
Tear Resistance (CD) Ib 55.00 54.20 55.35 51.57 53.15 53.85 1.3699
Tear Resistance (CD) | Ib/in | 914.13 892.43 910.36 845.41 878.51 888.17 24.9242

J&L TESTING COMPANY, INC MWO000TR.WK4



TOTAL VOLATILES
MTM-1

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTEDBY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: BASELINE TESTING

REPLICATE No.
TEST UNITS 1 2 3 AVG.

VOLATILES % 0.13 0.08 0.10 0.10

Reference : EPA/600/2-88/052, Appendix G

fend

1&L TESTING COMPANY, INC MWO00VO. WK4












NOMINAL THICKNESS

ASTM D-5199

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program
60 mil Smooth HDPE
30 DAY, 23 DEGREE CELSIUS

JOB No.: 9752180-01
DATE: 10-1597

TESTED

EY: D.T./K.T.

CHECKED BY: K.U.

P THICKNESS [mils]
SPECIMEN | AVG. Percent
No. 1 2 3 4 5 Change
A (Initial) 59.0 60.0 60.0 59.0 60.0 59.6
A (Final) 59.0 60.0 59.0 61.0 61.0 60.0 0.67
B (Initial) 61.0 61.0 65.0 61.3 61.3 61.9
B (Final) 61.0 62.0 61.0 62.0 62.0 61.6 0.52
C (nitial) 60.5 60.5 60.0 60.0 60.0 60.2
C (Final) 61.0 61.0 60.0 61.0 61.0 60.8 1.00
Poecoge of Fma l = L%~
/o A
j&L TESTING COMPANY, INC MW2330TH. WK4



DIMENSION CHANGES

F

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson JOB No.: 9752180-01
Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKEDBY: K.U.

30 DAY, 23 DEGREE CELSIUS

"ﬂ

SPECIMEN Length (MD) Width (CD) Percent

No. {mm) (mm) . Change
A (Initial) 100.0 995 -0.50
A (Final) 99.9 99.5 -0.40
B (Initial) 100.0 065 -0.50
B (Final) 100.0 99.5 | -0.50
C (Initial) 100.0 995 -0.50
C (Final) 99 9 995 -0.40

J&L TESTING COMPANY, INC MW3023DM. WK4



WEIGHT CHANGE

JOB No.: 9752180-01

CLIENT: Montgomery Watson

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 30 DAY, 23 DEGREE CELSIUS

|
SPECIMEN Initial Mass Final Mass Percent
No. (oz/sy) ’ (oz/sy) Change
A 42.1 42.1 0.01
B l 43.1 43.1 | 0.04
C | 42.4 42.5 [ 0.02
MW3023UW.WK4

I1&L TESTING COMPANY, INC



DENSITY

ASTM D-1505
B
CLIENT: Montgomery Watson ' JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program (Baseline) TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 30 DAY, 23 DEGREE CELSIUS
R
Standard Floats
Float No. | epsity, g/c| Depth (Corr. Depth
1* 0.9322 37.8 33.98
2 0.9494 26.7 21.84
3* 0.9560 20.0 17.18
c= 0.9322
§ = -0.0014

Density = ¢ + s*(specimen depth) :

PARAMETER 1 2 3 4 5 AVERAGE
DEPTH 24.0 24.0 21.2 21.2 20.8 2.2
DENSITY 0.9518 0.9518 0.0557 0.9557 0.9563 0.9543

4/

J&L TESTING COMPANY, INC M3023DN.WK4



EXTRACTABLES CONTENT
MTIM-2

CLIENT: Montgomery Watson JOB Ne.: 97S2180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE : CHECKEDBY:  K.U.

SAMPLE: 30 DAY, 23 DEGREE CELSIUS

Initial Wt. 2.7090 grams
After Extraction 2.6912 grams
% Extractables 0.66

Reference : EPA/600/2-88/052, Appendix E

Y

J&L TESTING COMPANY, INC MW3023EX WK4



HARDNESS
ASTM D-2240

#

CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 10-15-97

. EPA 9090 Testing Program TESTEDBY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKEDBY: K.U.

SAMPLE: 30 DAY, 23 DEGREE CELSIUS
e

POINT No.
REPLICATE AVG.
No. 1 2 3 4 5

1 58.0 60.0 60.0 62.0 57.0 59.4
2 59.0 61.0 58.0 61.0 58.0 59.4
3 57.0 60.0 57.0 59.0 57.0 58.0
4 59.0 58.0 59.0 57.0 59.0 58.4
5 59.0 58.0 59.0 57.0 60.0 58.6

(&

J&L TESTING COMPANY, INC MW3023HD.WK4



2 % SECANT MODULUS
ASTM D-5323

JOBNo.:  9752180-01

CLIENT: Montgomery Watson

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 30 DAY, 23 DEGREE CELSIUS

REPLICATE No. ‘
" PARAMETER UNITS ) AVERAGE STANDARD
! 2 3 4 5 DEVIATION
2% Secant Modulus (MD) psi 51,655.60 | 49,006.60 | 51,655.60 | 52,317.90 | 52,317.90 51,390.72 1228.31
2% Secant Modulus (CD} psi 55,629.10 | 54,966.90 | 46,357.60 | 56,291.40 | 50,331.12 52,715.22 3806.65

™~ J&L TESTING COMPANY, INC MW3023MD.WK4



NOTCHED CONSTANT TENSILE LOAD
ASTM D-5397

#

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson -JOB No.: 9782180-01
Gary Works, Indiana DATE:  10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

30 Day, 23 DEGREE CELSIUS

H

Average Stress at Yield (Ib/in) = 165.48
Applied Stress (Ib/in) =~ 49.64
Sample thickness (mil) = 60.7
Notch depth (mil) = 12.1
Minimum required time period = 200 hrs

Results ; No failures

5

J&L TESTING COMPANY, INC MW3023NC. WK4



PUNCTURE RESISTANCE
ASTM D-4833

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: - Gary Works, Indiana DATE: 10-15-97
EPA. 9090 Testing Program TESFED BY: D.T.J/K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.u.

SAMPLE: 30 DAY, 23 DEGREE CELSIUS

REPLICATE No,
PARAMETER UNITS AVERAGE |STANDARD
1 2 3 4 5 6 7 8 9 10 DEVIATION
Thickness mifs 60.50 61.00 61.00 60.50 60.50 61.80 60.20 61.00 61.50 61.00 61.00 0.54
Puncture Resistance 1 134.49 134.39 133.44 | 134.96 | 133.49 | 136.09 | 134.41 | 131.16 | 133.66 | 134.61 133.90 1.49
Punciure Resistance Win  |2222.98 |2203.11 |2187.54 12230.74 [2206.45 |2202.10 {2232.72 [2150.16 |2173.33 |2206.72 2195.25 26.52

J&I. TESTING COMPANY, INC MW302I3PR.WK4



0/

TENSILE PROPERTIES

ASTM D-638

M

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 30 DAY, 23 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
10-15-97
D.T./K.T.
K.U.

M

_ REPLICATE No. \
PARAMETER UNITS AVERAGE | STANDARD
L 2 3 4 5 DEVIATION
Yield Strength (MD) Ib/in | 168.43 152,62 | 155.24 | 148.67 | 156.33 156.26 6.6325
Elongation at Yield (MD)| % 19.23 18.46 20.00 20.00 18.46 19.23 0.6880
Break Strength (MD) Ib/in | 30633 | 302,70 | 31694 | 282.14 | 310.16 303.65 11.7456
Elongation at Break (MD| % 883.83 | 884.38 | 933.48 | 839.78 | 903.07 888.91 30.4845
Yield Strength (CD) Ib/in | 166.01 | 162.90 | 164.40 | 169.76 | 164.31 165.48 2.3561
Elongation at Yield (CD)| % 19.23 19.23 18.46 19.23 18.46 18.92 0.3768
Break Strength (CD) bfin | 30250 | 272.66 | 299.60 | 311.57 | 291.61 295.59 13.1209
Elongation at Break (CD)| % 923.90 | 848.96 | 928.02 | 943.07 | 895.21 907.83 33.2636
J&L TSTING COMPANY, INC MW3023TP. WK4



"TEAR RESISTANCE
ASTM D-1004

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 30 DAY, 23 DEGREE CELSIUS

JOB Ne.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
10-15-97
D.T./K.T.
K.U.

.‘ REPLICATE No. _

PARAMETER UNITS AVERAGE STANDARD

1 2 3 4 5 DEVIATION
Thickness (MD) mils 60.50 60.00 60.00 60.50 60.00 60.20 0.2449
Tear Resistance (MD) lb 53.17 54.42 52.90 55.42 57.40 54.66 1.6408
Tear Resistance (MD) Ib/in 878.84 907.00 881.67 016.03 956.67 008.04 28.2048
Thickness (CD) mils | 60.00 . 60.50 60.00 61.00 60.50 60.40 0.3742
Tear Resistance (CD) Ib 53.25 54.10 54.40 57.15 55.32 54.84 1.3293
Tear Resistance (CD) ib/in 887.50 894.21 906.67 936.89 314.38 907.93 17.2458

\..
T~ J&L TESTING COMPANY, INC

MW3023TR.WK4



TOTAL VOLATILES

MTM-1
F
CLIENT: Montgomery Watson JOB No.: 97S2180-01
PROJECT: Gary Works, Indiana DATE: 10-15-97

: EPA 9090 Testing Program TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 30 DAY, 23 DEGREE CELSIUS
#

REPLICATE No. '
TEST UNITS 1 -2 3 AVG.
VOLATILES % 0.10 0.13 0.08 0.10

Reference : EPA/600/2-88/052, Appendix G

[Zend

J&L TESTING COMPANY, INC MW3023VO.WK4









NOMINAL THICKNESS
ASTM D-5199

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program
60 mil Smooth HDPE
30 DAY, 50 DEGREE CELSIUS

JOB No.: 9752180-01

DATE;

10-15-97

TESTED BY: D.T./K.T.

CHECKED BY:

K.U.

THICKNESS [mils]
SPECIMEN AVG. Percent
No. 1 2 3 4 5 Change
M (Initial) 59.0 39.0 60.0 599 59.3 59.4
M (Final) 60.0 60.0 60.0 59.5 60.0 599 0.77
N (Initial) 60.7 60.5 61.0 61.0 61.0 60.8
N (Final) 61.0 61.5 61.5 61.0 61.5 61.3 0.76
O (Initial) 60.0 59.9 60.0 60.5 60.0 60.1
O (Final) 60.0 61.0 1 60.0 60.0 61.0 60.4 053 |
P‘“—*‘“ﬁ"— Sineh &0-5’3’
Jof /2
1&L TESTING COMPANY, INC MW2350TH. WEK4



DIMENSION CHANGES

F

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 30 DAY, 50 DEGREE CELSIUS
M

SPECIMEN Length (MD) : Width (CD) Percent

No. (mm) (mm) Change
- M (Initial) 100.0 99.5 -0.50
M (Final) ' - 100.0 100.0 0.00
N (Initial) 100.0 . 99.5 -0.50
N (Final) 100.0 99.5 -0.50
O (Initial) 100.0 100.0 0.00
O (Final) | 100.0 100.0 0.00

j&L TESTING COMPANY, INC ' MW?2350DM.WK4



WEIGHT CHANGE

CLIENT: Montgomery Watson JOB No.: 97S2180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program _ TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 30 DAY, 50 DEGREE CELSIUS

SPECIMEN Initia} Mass Final Mass Percent
No. (oz/sy) (oz/sy) Change
M 42.2 . 42.2 0.07
N ! 43.0 43.1 : | 0.07
0 | 42.3 42.6 | 072 |
e
MW3050UW. WK4

J&L TESTING COMPANY, INC



DENSITY
ASTM D-1505

F

CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program (Baseline) TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 30 DAY, 50 DEGREE CELSIUS
e
Standard Floats
Float No. | ensity, g/c| Depth |Corr. Depth
1* 0.9322 37.8 33.98
2 0.9494 26.7 21.84
3= 0.9560 20.0 17.18
c= 0.9322
5§ = -0.0014
Density = ¢ + s*(specimen depth)
PARAMETER 1 2 3 4 5 AVERAGE
DEPTH 24.5 22.5 23.0 20.2 21.2 22.3
i DENSITY 0.9510 0.9539 | 0.9532 0.9571 0.9557 0.9542 =

J&L TESTING COMPANY, INC

M3050DN.WK4



EXTRACTABLES CONTENT
MTM-2

CLIENT: Montgomery Watson JOB No.: 97S52180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE - CHECKED BY: K.U.

SAMPLE: 30 DAY, 50 DEGREE CELSIUS

Initial Wt. . 2.5435 grams

After Extraction 2.5292 grams
% Extractables 0.56

Reference : EPA/600/2-88/052, Appendix E

5

J&L TESTING COMPANY, INC MW3050EX.WK4



HARDNESS
ASTM D-2240

F

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 30 DAY, 50 DEGREE CELSIUS
N

: POINT No.
REPLICATE ' AVG.
No. 1 2 3 4 5

1 61.0 58.0 61.0 58.0 62.0 60.0
2 62.0 58.0 61.0 59.0 60.0 . 60.0
3 61.0 57.0 .58.0 59.0 59.0 58.8
4 58.0 61.0 58.0 61.0 58.0 59.2
5 - 59.0 61.0 58.0 62.0 57.0 59.4

C

J&L TESTING COMPANY, INC MW3050HD.WK4



2 % SECANT MODULUS
ASTM D-5323

CLIENT: Montgomery Watson JOBNo.: 975218001
PROJECT: Gary Works, Indiana DATE: 10-15-97

- EPA 9090 Testing Program TestepBY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 30 DAY, 50 DEGREE CELSIUS

REPLICATE No.
PARAMETER UNITS : AVERAGE STANDARD
1 2 3 4 5 DEVIATION
2% Secant Modulus (MD) psi 51,655.60 | 51,655.60 | 52,980.10 51,655.60 | 47,019.90 50,993.36 2051.89
2% Secant Modulus (CD) psi 49,006.60 | 51,655.60 | 50,993.40 50,331,10 | 52,980.10 50,993.36 1324.50

™~
J&L TESTING COMPANY, INC MW3050MD. WK4



CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

NOTCHED CONSTANT TENSILE L.OAD

ASTM D-5397

Montgomery Watson JOB No.: 9752180-01
Gary Works, Indiana DATE:  10-15-97
EPA 9050 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE : CHECKED BY: K.U.
30 Day, 50 DEGREE CELSIUS
Average Stress at Yield (Ib/in) = 161.2

Applied Stress (Ib/in) = 48.36

Sample thickness (mil) = 60.3

Notch depth {mil} =~ 12.1

Minimum required time period = 200 hrs

Results :  No failures

8

1&L TESTING COMPANY, INC MW30350NC.WK4



PUNCTURE RESISTANCE
ASTM D-4833

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson JOB No.: 975218001
Gary Works, Indiana DATE: 10-15-97
EPA 9090 Testing Program TESTED BY: D.TJ/K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

30 DAY, 50 DEGREE CELSIUS

REPLICATE No.
PARAMETER UNITS AVERAGE !STANDARD
- I 2 3 4 - 5 6 7 g - 9 10 DEVIATION
Thickness 1 s | 6100 | 60.50 | 61,00 | 61,00 | 60.50 | 61.20 | 6150 | 60.00 | 60.00 | 60.00 60.53 0.61
Puncture Resistance b | 13650 | 136.43 | 13623 | 13635 | 13735 | 139.40 | 138.65 | 134.53 | 136,70 | 136.23 | 137.14 1.60
Puncture Resistance | Ib/in. | 2237.70 |2255.04 |2233.28 {2235.25 |2270.25 |2277.78 [2254.47 |2242.17 |2278.33 |2270.50 | 2265.58 13.10

~X0

J&L TESTING COMPANY, INC MW3050PR.WK4



TENSILE PROPERTIES

ASTM D-638

F

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 30 DAY, 50 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
10-15-97
D.T./K.T.
K.U.

#

‘ REPLICATE No. ‘
PARAMETER UNITS AVERAGE STANDARD
\ 2 3 4 5 DEVIATION
Yield Strength (MD) Ib/in 165.12 154.11 162.50 162.10 166.61 162.09 4.3231
Elongafion at Yield MD)| % 18.46 20.77 19.23 20.00 20.00 19.69 0.7845
Break Strength (MD) Ib/in 299.40 320.56 304.72 326.69 318.35 313.94 10.2231
Elongation at Break (MD % 868.94 924.96 ' 876.42 931.51 918.09 903.98 26.0181
Yield Strength (CD) 1b/in 156.85 159.35 164.52 161.49 163.79 161.20 2.8311
Elongation at Yield (CD}) % 19.23 20.00 20.00 18.46 20.00 19.54 0.6154
Break Strength (CD) 1b/in 313.711 315.00 305.65 297.18 305.93 307.49 6.4386
Elongation at Break (CD)| % 966.58 966.18 950.92 927.98 952.50 952.83 14.0609
N
J&L 'TRSTING COMPANY, INC MW3050TP. WK4



TEAR RESISTANCE
ASTM D-1004

Montgomery Watson

CLIENT:
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 30 DAY, 50 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
10-15-97
D.T./K.T.
K.U.

REPLICATE No. \

PARAMETER UNITS : AVERAGE STANDARD

1 2 3 4 5 DEVIATION
Thickness (MD) mils 60.00 60.00 59.00 60.00 60.50 59.90 0.4899
Tear Resistance (MD) b 56.67 56.47 55.37 56.80 55.70 56.20 0.5644
Tear Resistance (MD) 1b/in 944,50 941.17 938.47 946.67 920.66 938,29 9,2501
Thickness (CD) mils 59.50 60.50 60.50 61.00 60.50 60.40 0.4899
Tear Resistance (CD) 1b 55.20 53.97 51.77 53.47 54.25 53.73 1.1312
Tear Resistance (CD) Ih/in 927.73 892.07 855.70 876.56 896.69% 889.75 23.7884

~~
J&L TESTING COMPANY, INC

MW3050TR.WK4



TOTAL VOLATILES

MTM-1

F

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program

MATERIAL: 60 mil Smooth HDPE

JOB No.: 97S82180-01
DATE: 10-15-97

TESTED BY: D.T./K.T.

CHECKED BY: K.U.
SAMPLE: 30 DAY, 50 DEGREE CELSIUS
REPLICATE No.
TEST UNITS 1 2 | 3 AVG.
VOLATILES % 0.12 0.14 0.12 0.13

Reference : EPA/600/2-88/052, Appendix G

J&L TESTING COMPANY, INC

/07’6/‘}6/

MW3050VO.WK4









NOMINAL THICKNESS

ASTM D-5199

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program
60 mil Smooth HDPE
60 DAY, 23 DEGREE CELSIUS

JOB No.: 9752180-01

DATE:

11-15-97

TESTEDBY: D.T./K.T.

CHECKED BY:

K.U.

THICKNESS [mils]
SPECEBMIEEN AVG. Percent
No. 1 2 30 4 5 Change
D (Initial) 60.3 60.5 60.0 60.0 60.0 60.2
D (Final) 60.5 60.3 60.0 60.0 60.0 60.2 0.00
E (Inidal) 60.5 61.0 61.7 61.7 61.0 61.2
E (Final) 60.5 61.3 61.5 61.0 61.0 61.1 -0.13
F (Inigial) 61.5 61.5 60.5 60.5 61.3 61.1
F (Final) 61.5 61.0 60.5 61.0 61.0 61.0 -0.10
Foe o :{_:L LQO'_TIJ\O/
Jof [
J&L TESTING COMPANY, INC MW2360TH.WEK4



DIMENSION CHANGES

M

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson JOB No.: 9752180-01
Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE ' CHECKEDBY: K.U.

60 DAY, 23 DEGREE CELSIUS

M

SPECIMEN Length (MD) Width (CD) Percent

No. (mm) (mm) Change
D (Initial) 99.9 99.9 0.00
D (Final) 100.0 100.0 0.00
E (Initial) 99.9 100.0 0.10
E (Final) 100.0 100.0 0.00
F (nita) 100.0 ' 100.0 0.00
F (Final) 100.0 . 100.0 0.00

J&L TESTING COMPANY, INC MW6023DM.WK4



WEIGHT CHANGE

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program

MATERIAL: 60 mil Smooth HDPE
SAMPLE: 60 DAY, 23 DEGREE CELSIUS

JOB No.: 9752180-01
DATE: 11-15-97
TESTED BY: D.T./K.T.
CHECKED BY: K.U.

SPECIMEN Initial Mass Final Mass Percent
No. (oz/sy) {oz/sy) Change

D 42.2 42.2 -0.00

E | 43.0 43.0 | -0.00

F | 43.0 43.0 | 0.00

J&L TESTING COMPANY, INC

3

MW6023UW.WK4



DENSITY
ASTM D-1505

#

CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program (Baseline) TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKEDBY: K.U.
SAMPLE: 60 DAY, 23 DEGREE CELSIUS
'”
Standard Floats
Float No. | ensity, g/c| Depth Corr. Depth
1#* 0.9322 35.2 33.98
2 0.9494 26.5 21.84
3* 0.9560 19.0 17.18
c = 0.9322
s = -0.0014
Density = ¢ + s*(specimen depth)
PARAMETER 1 2 -3 4 5 AVERAGE
DEPTH 20.5 20.5 21.0 19.8 19.8 20.3
DENSITY 0.9530 0.9530 | 0.9523 0.9540 0.9540 0.9533

J&L TESTING COMPANY, INC

¥

M6023DN.WK4




EXTRACTABLES CONTENT
MTM-2 '

CLIENT: Montgomery Watson JOBNeo.: 975218001

PROJECT: Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 60 DAY, 23 DEGREE CELSIUS

Initial Wt. . 2.4916 grams
After Extraction 2.4834 grams
% Extractables 0.33

Reference : EPA/600/2-88/052, Appendix E

5

J&L TESTING COMPANY, INC MWG6023EX. WK4



HARDNESS
ASTM D-2240

F

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKEDBY: K.U.

SAMPLE: 60 DAY, 23 DEGREE CELSIUS
e

POINT No.
REPLICATE ' AVG.
No. 1 2 3 4 5
1 60.0 58.0 57.0 59.0 58.0 58.4
2 60.0 ~ 59.0 57.0 58.0 58.0 58.4
3 57.0 58.0 60.0 61.0 61.0 59.4
4 58.0 57.0 57.0 58.0 60.0 58.0
5 57.0 56.0 56.0 58.0 58.0 57.0

G

J&L TESTING COMPANY, INC MW6023HD. WK4



2 % SECANT MODULUS
ASTM D-5323

CLIENT: Montgomery Watson JOBNo.: 9782180-01
PROJECT: Gary Works, Indiana DATE: 11-15-97

EPA 9090 Testing Program TesTERBY: D T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 60 DAY, 23 DEGREE CELSIUS

REPLICATE No. N
PARAMETER 'UNITS AVERAGE | STANDARD
1 2 3 4 5 DEVIATION
2% Secant Modulus (MD) | psi | 50,622.25 | 54,966.89 | 46,357.60 | 52,980.10 | 55,629.14 | 52,111.20 3364.72
2% Secant Modulus (CD) | psi | 51,655.60 | 54,966.90 | 54,966.90 | 54,966.90 | 54,966.90 54,304.64 1324.52

~J

J&L TESTING COMPANY, INC MW6023MD . WK4



NOTCHED CONSTANT TENSILE LOAD
ASTM D-5397

F

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson JOB No.:  9752180-01
Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE - CHECKED BY: K.U.

60 Day, 23 DEGREE CELSIUS

ﬂ

J&L TESTING COMPANY, INC

Average Stress at Yield (Ib/in) = 161.86
Applied Stress (Ib/in) = | 48.56
Sample thickness (mil) = 60.8
Notch depth (mil) = 12.2

Minimum required time period = 200 hrs

Results - No failures

-

MW6023NC.WK4



PUNCTURE RESISTANCE
ASTM D-4833

CLIENT; Montgomery Watson . JOB No: 9752180-0}
PROJECT:  Gary Works, ludiana DATE:  11-15-97
EPA 9090 Testing Program TESTEDR BY: D.T./K.T.
CHECKED BY: K.U.

MATERIAL: 60 mil Smooth HDPE
SAMPLE: 60 DAY, 23 DEGREE CELSIUS

REPLICATE No.
PARAMETER UNITS ' AVERAGE | $STANDARD
1 2 3 4 5 6 7 8 9 10 DEVIATION
Thickness mils 62.00 61.00 61.60 60.00 61.00 60.50 61.00 61.50 61.00 | 62.00 61.17 0.47
Puncture Resistance b 135.15 | 124.50 | 132,95 | 13470 | 134.47 135.62 | 135.17 | 137.50 | 129.90 | 131.75 134.07 2.53
| Puncture Resistance bfin  [2179.84 |2204,92 |2179.51 [2245.00 12204.43 2241.65 12215.90 [2235.77 |2129.51 |2125.00 2192.04 47.44

D
J&L TESTING COMPANY, INC _ MW6023PR. WK4



TENSILE PROPERTIES

ASTM D-638

f

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 60 DAY, 23 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
11-15-97
D.T./K.T.
K.U.

M

| REPLICATE No, _
PARAMETER UNITS | AVERAGE | STANDARD
1 2 3 4 5 DEVIATION
Yield Strength (MD) Ib/in | 161,69 149.88 162.50 160.08 159.07 158.65 4.5440
Elongation at Yield (MD)| % 20.00 20.00 19.23 20.00 19.23 19.69 0.3768
Break Strength (MD) b/in | 286.90 | 298.27 | 300.81 | 291.81 | 273.59 290.27 9.6643
Elongation at Break (MD | % 831.77 | 864.46 | 873.99 | 846.80 | 809.93 845.39 22.9210
Yield Strength (CD) Ib/fin_| 159.56 163.79 162.50 159.96 | 163.51 161.86 1,7759
Elongation at Yield (CD) | % 18.46 19.23 19.23 18.46 18.46 18.77 0.3768
Break Strength (CD) Ib/in | 293.02 | 29476 | 296.65 | 267.94 | 273.87 285.25 11.9153
Elongation at Break (CD)| __ % 913.98 | 915.09 | 913.04 | 850.51 | 861.32 890.79 28.6861
g,
J&L TESTING COMPANY, INC MW6023TP. WK4



CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

TEAR RESISTANCE
ASTM D-1004

Montgomery Watson JOBNo.:  9752180-01
Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.TJ/K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

60 DAY, 23 DEGREE CELSIUS

REPLICATE No.

PARAMETER UNITS AVERAGE STANDARD

1 2 3 4 5 DEVIATION
Thickness (MD) mils 60.50 61.50 60.50 61.50 61.50 61.10 0.4899
Tear Resistance (MD) 1b 56.00 54.30 56.50 55.50 56.80 55.82 0.8795
Tear Resistance (MD) 1b/in 925.62 882.93 933,88 002.44 023.58 913.69 18.5518
Thickness (CD) mils 60.00 61.50 60.50 61.00 61.00 60.80 0.5099
Tear Resistance (CD) 1b 55.60 55.60 55.20 56.20 56.30 55.78 0.4118

Tear Resistance (CD) Ib/in 926.67 904.07 912.40 921.31 922.95 917.48 8.1830

NS
J&L TESTING COMPANY, iNC

MWG6023TR. WK4



TOTAL VOLATILES
MTM-1

#

CLIENT:

Montgomery Watson

JOB No.: 97S82180-01

PROJECT: Gary Works, Indiana DATE: 11-15-97

EPA 9090 Testing Program . TESTEDBY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 60 DAY, 23 DEGREE CELSIUS '
e

_ REPLICATE No.
TEST UNITS 1 2 3 AVG.

VOLATILES % 0.05 0.05 0.04 0.05

J&L TESTING COMPANY, INC

Reference : EPA/600/2-88/052, Appendix G

/Xf€ﬂ5/

MW6023VO.WK4









NOMINAL THICKNESS

ASTM D-5199

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program
60 mil Smooth HDFE
60 DAY, 50 DEGREE CELSIUS

JOB No.: 9752180-01

DATE:

11-15-97

TESTED BY: D.T./K.T.

CHECKED BY:

K.U.

THICKNESS [mils]
SPECIMEN AVG. Percent
No. 1 2 3 4 5 Change
P (Initial) 61.0 60.3 60.8 61.0 61.0 60.9
P (Final) 61.0 61.0 61.0 61.0 _61.0 61.0 0.13
() (Initial) 61.5 61.3 60.5 60.4 61.0 60.9
Q (Final) 61.5 60.5 60.0 60.5 61.0 60.7 -0.39
R (Inidal) 61.5 61.5 61.3 61.0 60.5 61.2
R (Final) 60.5 61.0 61.5 6L.5 61.0 61.1 -0.10
AUQ(G\’J_EQ gi-ﬂa \ ,bC). ? 3'
/o 12
J&L TESTING COMPANY, INC MW5060TH. WK4



DIMENSION CHANGES

f

CLIENT:
PROJECT:
MATERIAL:
SAMPLE:

Montgomery Watson JOB No.: 9752180-01
Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKEDBY: K.U.

60 DAY, 50 DEGREE CELSIUS

H

SPECIMEN Length (MD) - Width (CD) Percent

No. - (mm) {mm) Change
P (Initial) 100.0 ' 100.0 0.00
P (Final) 100.0 100.0 _ 0.00
Q (Initial) 100.0 ‘ 100.0 : 0.00
Q (Final) _ 100.0 100.0 0.00
R (Initial) 100.0 100.0 0.00
R (Final)- 100.0 ' 100.0 0.00

J&L TESTING COMPANY, INC MW6050DM. WK4



WEIGHT CHANGE

CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

CHECKED BY: K.U.

MATERIAL: 60 mil Smooth HDPE
SAMPLE: 60 DAY, 50 DEGREE CELSIUS

SPECIMEN Initial Mass Final Mass Percent
No. _ (oz/sy) (oz/sy) Change

P 43.0 422 -1.86

Q | 43.1 43.1 I 0.01

R | 43.3 43.3 | 0.2

J&1. TESTING COMPANY, INC MW6050UW . WK4



#

DENSITY
ASTM D-1505

W

CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program (Baseline) TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 60 DAY, 50 DEGREE CELSIUS
Standard Floats
Float No. | ensity, g/c| Depth Corr. Depth
1* 0.9322 35.2 33.98
2 0.9494 26.5 21.84
3* 0.9560 19.0 17.18
c = 0.9322
s = -0.0014
Density = ¢ + s*(specimen depth)
PARAMETER 1 2 3 4 5 AVERAGE
DEPTH 19.5 19.5 20.0 19.6 19.8 19.7
DENSITY 0.9544 0.9544 0.9537 0.9543 0.9540 0.9542

J&I TESTING COMPANY, INC

4

M6050DN.WK4



EXTRACTABLES CONTENT
- MTM-2

CLIENT: Montgomery Watson JOB No.: 97S2180-01

PROJECT: Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE : CHECKED BY: K.U.

SAMPLE: 60 DAY, 50 DEGREE CELSIUS

Initial Wt. 2.4882 grams
After Extraction 2.4310 grams
%Extractables 0.29

Reference : EPA/600/2-88/052, Appendix E

5

J&L TESTING COMPANY, INC MW6050EX. WK4



HARDNESS
ASTM D-2240

w

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program

60 mil Smooth HDPE

60 DAY, 50 DEGREE CELSIUS

JOB No.: 9782180-01
DATE: 11-15-97

TESTED BY: D.T./K.T.
CHECKED BY: K.U.

M

POINT No.
REPLICATE AVG.
- No. 1 2 3 4 5
1 56.0 58.0 58.0. 58.0 57.0 57.4
2 55.0 57.0 56.0 57.0 57.0 56.4
3 60.0 59.0 60.0 60.0 59.0 59.6
4 57.0 57.0 58.0 59.0 58.0 57.8
5 57.0 - 56.0 58.0 57.0 56.0 56.8

J&L TESTING COMPANY, INC

&

MW6050HD. WK4



CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 60 DAY, 50 DEGREE CELSIUS

2 % SECANT MODULUS
ASTM D-5323

JOB Ne.:
DATE:
TESTED BY:
CHECKED BY;

9752180-01
11-15-57
D.T./K.T.
K.U.

REPLICATE No.

PARAMETER UNITS AVERAGE | STANDARD

1 2 3 4 5 DEVIATION
2% Secant Modulus (MD) psi 53,642.40 | 51,655.60 | 54,304.60 | 51,986.80 54,966.90 53,311.26 1290.96
2% Secant Modulus (CD) psi 53,973.50 | 56,921.40 | 51,655.60 | 52,649.00 52,317.90 53,503.48 1868.34

~3
J&L TESTING COMPANY, INC

MW6050MD, WK4




NOTCHED CONSTANT TENSILE LOAD
ASTM D-5397

F

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson JOB No.: 9752180-01
Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

60 Day, 50 DEGREE CELSIUS

#

Average Stress at Yield (Ib/in) = 156.5
Applied Stress (Ib/in) = 46.95
Sample thickness (mil) = 61.0
Notch depth (mil) = 12.2
Minimum required time period = 200 hrs

Results ;  No failures

5

J&L TESTING COMPANY, INC MWG6050NC.WK4



PUNCTURE RESISTANCE
ASTM D-4833

CLIENT: Montgomery Watson
PROJECT: Gary Works, huliana
EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 60 DAY, 50 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY;
CHECKED BY:

9752180-01
11-1597
D.TJK,T.
K.U.

~

J&I, TESTING COMPANY, INC

REPLICATE No.
PARAMETER UNITS AVERAGE |STANDARD
1 2 3 4 5 6 1 8 9 10 DEVIATION
Thickness mils 61.50 62.00 60,00 61.50 60.00 60.50 60.50 62.00 62.00 62.00 61.17 0.85
Puncture Resistance ib 140.65 | 140.25 | 138.45 | 135.62 | 139.62 | 138,00 | 137.85 | 138,90 | 139.57 138.47 138.74 0.70
Puncture Resistance biin  12286.99 |2262.10 {2307.50 |2205.20 12327.00 |2280.99 [2278.51 [2240.32 2251.13 [2233.39 2268.56 31.64

MWG60S0PR. WK4



TENSILE PROPERTIES

ASTM D-638

M

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 60 DAY, 50 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
11-15-97
D.T./K.T.
K.U.

N

._ REPLICATE No. ‘
PARAMETER UNITS AVERAGE | STANDARD
l 2 3 4 5 DEVIATION
Yield Strength (MD) Ib/in | 167.22 161,69 152.42 161,09 164.19 161.32 4.9488
Elongation at Yield (MD) % 18.46 19.23 20.00 19.23 21.54 19.69 1.0434
Break Strength (MD) b/in | 307.06 | 29375 | 315.32 | 288.31 284.27 297.74 11,6806
Elongation at Break (MD| % 889.81 | 871.91 896.08 | 858,00 | 829.16 868.99 24,0145
Yield Strength (CD) Ib/in | 154.84 148.67 160.97 164.11 153.91 156.50 5.4534
Elongation at Yield (CD)| % 19,23 18.46 19.23 20.77 19,23 19.38 0.7537
Break Strength (CD) Ib/in 266.81 274.88 327.02 296.85 304.52 294.02 21.5103
Elongation at Break (CD) % 838.84 859.87 989.53 903.36 947.29 907.78 55,3371

N
J&1L TSSTING COMPANY, INC

MWG6050TP. WK4



\ )
=
J&L TESTING COMPANY, INC | MWG6050TR, WK4

TEAR RESISTANCE
ASTM D-1004

CLIENT:
PROJECT:

MATERIAE:
SAMPLE:

Montgomery Watson JOBNo.:  9752180-01

Gary Works, Indiana : DATE: 11-15-97
EPA 9090 Testing Program TESTEDBY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

60 DAY, 50 DEGREE CELSIUS

_ REPLICATE No. ]

PARAMETER UNITS AVERAGE | STANDARD

1 2 3 4 5 DEVIATION
Thickness (MD) mils_ | 61.00 61.50 61.20 60.50 61.50 61.14 0.3720
Tear Resistance (MD)_|___Ib 56.50 57.30 | 56.70 55.90 58.30 56.94 0.8139
Tear Resistance (MD) | Ib/in | 92623 | 93171 | 92647 | 923.97 | 947.97 931.27 8.7267
Thickness (CD) mils | 62.00 61.50 60.00 60.00 60,00 60.70 0.8718
Tear Resistance (CD) | b 55.30 56.20 54,20 55.20 54.30 55.04 0.7338
Tear Resistance (CD) | Ib/in | 891.94 | 913.82 | 903.33 920.00 | 905.00 906.82 9.5890




TOTAL VOLATILES

MTM-1
CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 11-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 60 DAY, 50 DEGREE CELSIUS

#

REPLICATE No.
TEST UNITS 1 2 3 AVG,

VOLATILES % 0.06 0.05 0.06 0.05

Reference : EPA/600/2-88/052, Appendix G

2-end

J&L TESTING COMPANY, INC MW6050V0O. WK4









NOMINAL THICKNESS
ASTM D-5199

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT:  Gary Works, Indiana DATE: 12-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 90 DAY, 23 DEGREE CELSIUS

THICKNESS [mils]
SPECIMEN AVG. Percent
No. i 2 3 4 5 Change

G (Initial) 60.5 60.5 595 595 595 59.9
G (Final) 60.0 60.0 59.5 595 60.0 59.8 0.17
H (Inital) 60.5 605 595 0.0 395 0.0
H (Final) 60.0 60.0 60.5 60.5 60.0 60.2 0.33
T (lmtal) 60.5 60.0 61.0 60.5 60.5 60.5
1 (Final) 61.0 603 61.0 | 60.0 60.0 60.5 0.00

Hoqfo\:&—z & -’10,_11 LgD_Iq./

S 12

J&L TESTING COMPANY, INC MWO023TH. WK4



DIMENSION CHANGES

ﬁ

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program

MATERIAL: 60 mil Smooth HDPE
SAMPLE: 90 DAY, 23 DEGREE CELSIUS

JOB No.: 9752180-01
DATE: 12-15-97
TESTED BY: D.T./K.T.
CHECKED BY: K.U. A

1&1 TESTING COMPANY, INC

SPECIMEN Length (MD) Width (CD) Percent

No. (mm) (mm) Change
G (Initial) 100.0 100.0 -1.00
G (Final) 99.0 99.0 -1.00
H (Initial) 100.0 100.0 0.00
H (Final) 100.0 99.0 -1.00
T (nitial) 100.0 100.0 1,00
I (Final) 99.0 99.5 -0.50

MW9023DM . WK4



WEIGHT CHANGE

CLIENT: Montgomery Watson JOB Ne.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 12-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKEDBY: K.U.

SAMPLE: 90 DAY, 23 DEGREE CELSIUS

SPECIMEN Initial Mass Final Mass Percent
No. (oz/sy) (0z/sy) Change
G 42.4 | 42.4 0.07
H | 42.5 42.6 | 0.05
T 78 438 .05 |

1&L TESTING COMPANY, INC MW9023UW. WK4



DENSITY
ASTM D-1505

M

CLIENT: Montgomery Watson JOB No.: 9782180-01
PROJECT: Gary Works, Indiana DATE: 12-15-97
EPA 9090 Testing Program (Baseline) TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 90 DAY, 23 DEGREE CELSIUS
15—
Standard Floats
Float No. | ensity, g/c| Depth Corr. Depth
1* 0.9322 36.2 33.98
2 0.9494 25.0 21.84
3* 0.9560 16.6 17.18
c= 0.9322
s = -0.0014
Density = ¢ + s*(specimen dépr_h)
PARAMETER 1 2 3 4 5 AVERAGE
DEPTH 16.4 16.5 16.4 16.5 16.6 165
DENSITY 0.9603 0.9601 0.9603 0.9601 0.9600 0.9601

J&L TESTING COMPANY, INC

d

MOS023DN.WK4




EXTRACTABLES CONTENT
MTM-2

CLIENT: Montgomery Watson JOB No.: 978218001

PROJECT: Gary Works, Indiana DATE: 12-1597
EPA 9090 Testing Program ~ TESTEDBY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE - CHECKED BY: K.U.

SAMPLE: 90 DAY, 23 DEGREE CELSIUS

Initial Wt. 4.3986 grams
After Extraction 4.3847 grams
% Extractables 0.32

Reference : EPA/600/2-88/052, Appendix E

5

J&L TESTING COMPANY, INC MW9023EX.WK4



HARDNESS
ASTM D-2240

F

CLIENT: Montgomery Watson JOB No.: 9782180-01

PROJECT: Gary Works, Indiana DATE: 12-15-97
EPA 9090 Testing Program TESTEDBY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 90 DAY, 23 DEGREE CELSIUS
B

POINT No.
REPLICATE AVG.
No. 1 2 3 4 5
1 61.0 60.0 60.0 62.0 62.0 61.0
2 61.0 62.0 61.0 59.0 59.0 60.4
3 59.0 58.0 62.0 62.0 59.0 60.0
4 63.0 62.0 61.0 61.0 61.0 61.6
| 5 62.0 62.0 58.0 60.0 58.0 60.2

Lo

J&L TESTING COMPANY, INC MW9023HD.WK4



2 % SECANT MODULUS
ASTM D-5323

CLIENT: Montgomery Watson JOBNo.:  9752180-01
PROJECT: Gary Works, Indiana DATE: 12-15-97

EPA 9090 Testing Program TESTED BY: D.TJK.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 90 DAY, 23 DEGREE CELSIUS

REPLICATE No. ] |
PARAMETER UNITS | : AVERAGE | STANDARD
i 2 3 4 5 DEVIATION
2% Secant Modulus (MD) | _psi | 54,644.81 | 53,978.41 |54,978.00 | 55311.21 | 5531121 | 34,844.73 498.69
29 Secant Modulus (CD) | psi_ | 61,975.21 | 58,976.41 |59,976.01 | 61,642.01 | 62,308.41 | 60,975.61 1281.85

~

J&L TESTING COMPANY, INC MW9023MD.WK4



NOTCHED CONSTANT TENSILE LOAD

ASTM D-5397
0
CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 12-15-97

EPA 9090 Testing Program TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY:- K.U.
SAMPLE: 90 Day, 23 DEGREE CELSIUS
0
Average Stress at Yield (ib/in) = 158.85
Applied Stress (Ib/in) = 47.66
Sample thickness (mil) = 60.2
Notch depth (mil) = 12.0
Minimum required time period = 200 hrs

Resul_ts : No failures

g

J&L TESTING COMPANY, INC MWO023NC.WK4



PUNCTURE RESISTANCE
ASTM D-4833

CLIENT: Montgamery Watson JOB Mo 9752180-01
PROJECT:  Gary Works, Indiana DATE:  12-15-97

EPA 9090 Testing Program TESTER BY; D.TJ/K.T.
MATERIAL: 60 mil Smooth HDPE

CHECKED BY: K.U.
SAMPILE: 90 DAY, 23 DEGREE CELSIUS

REPLICATE No.
PARAMETER UNITS AVERAGE | STANDARD
1 2 3 4 5 6 7 8 9 10 DEVIATION
Thickness mils | 61.00 60.00 61.20 61.20 60.00 60.00 61.50 61.00 61.00 61.00 60.75 0.56
Puncture Resistance b 133.27 | 133.67 | 132.80 | 135,37 | 128.20 130.87 | 134.85 | 133.87 | 134,20 | 134.27 132.71 2.39
Puncture Resistance bin  |2184.75 |2227.83 |2169.93 [2211.93 {2136.67 |218 1,17 |2192.68 {2194.59 |2200.00 |2201.15 2184.38 22.31

~

J&L TESTING COMPANY, INC MWO023PR. WK4



TENSILE PROPERTIES
ASTM D-638

#

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 90 DAY, 23 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
12-15-97
D.T./K.T.
K.U.

M

& REPLICATE No.
PARAMETER UNITS 'AVERAGE | STANDARD
1 2 3 4 5 DEVIATION
Yield Strength (MD) {b/in 166.94 149.48 | 150.48 151.49 159.27 155.53 6.6712
Elongation at Yield (MD)| % 19.23 20.00 20.00 20.77 19.23 19.85 0.5756
Break Strength (MD) Ib/in 265.81 259.68 267.14 264.72 263.51 264.17 2.5457
Elongation at Break (MD)| % 774.86 778.32 776,23 771.23 779.71 171.27 1.6708
Yieid Strength (CD) {b/in 164.92 150.00 155.44 162.38 161.49 158.85 5.4074
Elongation at Yield (CD) % 18.46 18.46 18.46 18.46 19.23 18.62 0.3077
Break Strength (CD) Ib/in 270.65 262.78 275.81 | 260.69 257.14 265.41 6.8288
Elongation at Break (CD)| % 842.42 835.40 853.94 819.74 825.17 $35.33 12.1885
NS
1&L +EST1NG COMPANY, INC MW9023TP.WK4



TEAR RESISTANCE

ASTM D-1004

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana

EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 60 DAY, 23 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9782180-01
12-15-97
D.T./K.T.
K.U.

\
T

REPLICATE No. _
PARAMETER UNITS AVERAGE STANDARD
\ 2 3 4 5 DEVIATION
Thickness (MD}) mils 60.50 61.00 60.50 60.50 60.50 60.60 0.2000
Tear Resistance (MD) ib 57.20 55.30 58.30 56.20 55.70 56.54 1.0855
Tear Resistance (MD) 1b/in 945.45 906.56 963.64 928.93 920.66 933.05 19.8078
Thickness (CD) mils 60.00 61.00 61.00 60.50 60.50 60.60 0.3742
Tear Resistance (CD) 1b 57.60 55.30 56.50 56.10 56.40 56.38 0.7414
Tear Resistance (CD) ib/in 960.00 906.56 926.23 927.27 932.23 930.46 17.1764
J&L TESTING COMPANY, INC MWO9023TR. WK4



TOTAL VOLATILES

MTM-1
CLIENT: Montgomery Watson JOB No.: 97S82180-01
PROJECT: Gary Works, Indiana ' DATE: 12-15-97
: EPA 9090 Testing Program TESTEDBY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 90 DAY, 23 DEGREE CELSIUS

’

REPLICATE No. ]
TEST UNITS 1 2 3 AVG.

VOLATILES % 0.00 0.05 0.04 0.03

Reference : EPA/600/2-88/052, Appendix G

/Zéeﬂc/

1&L TESTING COMPANY, INC MW9023VO.WK4









NOMINAL THICKNESS

ASTM D-5199

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program
60 mil Smooth HDPE
90 DAY, 50 DEGREE CELSIUS

JOB Ne.: 9752180-01

DATE:

12-15-97

TESTED BY: D.T./K.T.

CHECKED BY:

K.U.

THICKNESS [mils]
SPECIMEN AVG. Percent
No. 1 2 3 4 5 Change
S (Initial) 60.7 60.7 61.5 61.8 61.8 61.3
S (Final) 62.0 62.0 61.0 61.5 61.0 61.5 0.33
T (Initial) 60.0 60.5 61.8 61.5 61.5 61.1
T (Final) 62.0 61.5 61.0 61.5 61.5 61.5 0.72
U (Initial) 60.0 60.0 61.0 60.5 60.5 60.4
U (Final) 61.0 60.5 60.0 60.5 60.5 60.5 0.17

I&L TESTING COMPANY, INC

- v
V-‘I:Je,\"mi—i QQﬂo‘/Q é_'/r I

VAV

MWO9050TH. WK4



DIMENSION CHANGES

#

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 12-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY:  K.U.

SAMPLE: 90 DAY, 50 DEGREE CELSIUS

SPECIMEN Length MD) Width (CD) Percent
No. (mm) {mmy) Change
- S (Initial) 100.0 100.0 -1.00
S (Final) 99.0 99.0 -1.00
T (Initial) 100.0 - 100.0 -1.00
T (Final) 99.0 99.0 -1.00
U (Initial) 100.0 100.0 -0.50
U (Final) 99.5 99.0 -1.00

A

J&L TESTING COMPANY, INC J MW9050DM.WK4



WEIGHT CHANGE

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana ' DATE: 12-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKEDBY: K.U.

SAMPLE: 90 DAY, 50 DEGREE CELSIUS

SPECIMEN Initial Mass Final Mass Percent
No. (oz/sy) (oz/sy) Change

S 432 433 0.11

T l 43.2 43.2 - | 0.21

U i 42.5 42.5 l 0.01

1&L TESTING COMPANY, INC MW9050UW.WK4



DENSITY
ASTM D-1505

P

JOB No.: 9752180-01

CLIENT: Montgomery Watson :

PROJECT: Gary Works, Indiana DATE: 12-15-97
EPA 9090 Testing Program (Baseline) TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKEDBY: K.U.

SAMPLE: 90 DAY, 50 DEGREE CELSIUS

#

Standard Floats
Float No. | ensity, g/c| Depth Corr. Depth
1* 0.9322 36.2 33.98
2 0.9494 25.0 21.84
3* 0.9560 16.6 17.18
c= 0.9322
§ = -0.0014

Density = ¢ + s*(specimen depth)

PARAMETER 1 2 3 4 5 AVERAGE
DEPTH 16.4 16.5 16.4 16.5 16.4 16.4
DENSITY 0.9603 0.9601 0.9603 0.9601 0.9603 0.9602

7

J&L TESTING COMPANY, INC M9050DN.WK4



EXTRACTABLES CONTENT
MTM-2

CLIENT: Montgomery Watson JOB Ne.: 97S82180-01

PROJECT:  Gary Works, Indiana DATE: 12-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE ' CHECKED BY: K.U.

SAMPLE: 90 DAY, 50 DEGREE CELSIUS

Initial Wt. 3.5894 grams
After Extraction 3.5826 grams
%Extractables  ° 0.19

Reference : EPA/600/2-88/052, Appendix E

5

1&L TESTING COMPANY, INC MWOI050EX. WK4



HARDNESS
ASTM D-2240

r

CLIENT: Montgomery Watson ~ JOBNo.: 9752180-01
PROJECT: Gary Works, Indiana , DATE: 12-15-97

- EPA 9090 Testing Program TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKEDBY: K.U.

SAMPLE: 90 DAY, 50 DEGREE CELSIUS

| POINT No.
REPLICATE AVG.
No. 1 2 3 4 5

1 53.0 59.0 60.0 60.0 60.0 59.4
2 61.0 62.0 59.0 62.0 61.0 . 61.0
3 61.0 62.0 59.0 62.0 62.0 61.2
4 61.0 61.0 62.0 60.0 62.0 61.2
5 60.0 59.0 T62.0 62.0 59.0 60.4

A

J&L TESTING COMPANY, INC MW9050HD. WK4



2 % SECANT MODULUS
ASTM D-5323

CLIENT: Montgomery Watson JOB No.:
PROJECT: Gary Works, Indiana DATE:

EPA 9090 Testing Program TESTED BY:
MATERIAL: 60 mil Smooth HDPE CHECKED BY:
SAMPLE: 90 DAY, 50 DEGREE CELSIUS

9752180-01
12-15-97
D.T./K.T.
K.U.

REPLICATE No.
PARAMETER UNITS ) AVERAGE STANDARD
i 2 3 4 5 DEVIATION
2% Secant Modulus (MD) psi 55,311.21 | 57,310.41 | 58,643.21 57,310.41 | 53,978.41 56,510.73 1653.96
B% Secant Modulus (CD) psi 55,977.61 | 55,644.41 | 58,643.21 58,310.01 | 55,644.41 56,843.93 1342.76

~

J&L TESTING COMPANY, INC

—

MW9050MD.WK4



NOTCHED CONSTANT TENSILE LOAD
ASTM D-5397

H

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson ' JOB No.: 9782180-01
Gary Works, Indiana . DATE: 12-15-97
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

90 Day, 50 DEGREE CELSIUS

H

J&L TESTING COMPANY, INC

Average Stress at Yield (Ib/in) = 158.85
Applied Stress (Ib/in} = 47.66
Sample thickness (mil) = 60.2
Notch depth (mil) = 12.0

Minimum required time period = 200 hrs

Results : : No failures

g

MW9050NC.WK4



 PUNCTURE RESISTANCE
ASTM D-4833

CLIENT:
PROJECT:

MATEREAL:
SAMILE:

Montgomery Watson JOB No.:  9752180-01
Gary Works, Indiana DATE:  12-15-97
EPA 9090 Testing Program TESTED BY: D.TJ/K.T.
60 mil Smooth HDPE CHECKED BY: K.U,

90 DAY, 50 DEGREE CELSIUS

REPLICATE No,
PARAMETER UNITS AVERAGE |STANDARD
1 2 3 4 5 6 7 8- 9 10 DEVIATION
Thickness i 16120 | 6100 | 63.00 | 60.50 | 61.00 | 61.20 | 63.00 | 61.20 | 62.50 | 61.00 61.65 0.80
Puncture Resistance b 136.70 | 135.65 | 136.25 | 134.35 | 136.10 135.85 | 137.70 | 131,20 | 135.80 | 132.02 134.78 2.34
Puncture Resistance | Ib/in | 2233.66 |2223.77 |2162.70 922066 |2231.15 {2219.77 {2185.71 |2143.79 |2172.80 |2164.26 | 2186.25 30.57

—~

J&L TESTING COMPANY, INC MW9050PR. WK4

~



TENSILE PROPERTIES

ASTM D-638

ﬂ

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
‘ EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 90 DAY, 50 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
12-15-97
D.T./K.T.
K.U.

/

REPLICATE No,
PARAMETER UNITS AVERAGE STANDARD
1 2 3 4 5 DEVIATION
Yield Strength (MD) Ib/in 159.76 159.07 154.03 161.29 162.38 159.31 2.8793
Elongation at Yield (MD) %o 20.00 19.23 21.54 19.23 19.23 19.85 0.8971
Break Strength (MD) 1b/in 264.11 265.32 261.09 263.59 262.98 263.42 1.3967
Elongation at Break (MD)] % 783.54 782.93 718.59 786.24 783.07 782.87 2.4549
Yield Strength (CD) Ib/in 167.06 164.03 162.02 157.50 161.53 162.43 3.1386
Elongation at Yield (CD) % 18.46 19.23 19.23 18.46 19.23 18.92 0.3768
Break Strength (CD) ib/in 266.37 272.66 275.44 270.16 277.70 . 272.47 3.9693
Elongation at Break (CD) % 837.63 835.36 856.36 833.62 864.83 845.56 12.6297
N
J&L "SSTING COMPANY, INC MW9050TP.WK4

-



TEAR RESISTANCE

ASTM D-1004

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana

' EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 90 DAY, 50 DEGREE CELSIUS

_ JOB No.:
DATE:
TESTED BY:
CHECKED BY:

97582180-01
12-15-97
D.T./K.T.
K.U.

— "}

\..
T

| REPLICATE No. _

PARAMETER UNITS AVERAGE STANDARD

1 2 3 4 5 DEVIATION
"Thickness (MD) mils 60.50 60.50 61.00 60.50 60.50 60.60 0.2000
Tear Resistance (MD) | b 60.00 57.00 55.80 57.00 57.70 57.50 1.3914
Tear Resistance (MD) Ib/in 991.74 942,15 914.75 942.15 953.72 | 948.90 24.9608
Thickness (CD) mils 60.50 - 59.50 60.50 60.50 60.50 60.30 0.4000
Tear Resistance (CD) 1b 55.80 57.00 54.30 55.60 55.40 55.62 0.8635
Tear Resistance (CD) Ib/in 922.31 957.98 897.52 919.01 915.70 922.51 19.7051

J&L TESTING COMPANY, INC MWO9050TR. WK4



TOTAL VOLATILES
MTM-1

#

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson JOB No.: 97852180-01
Gary Works, Indiana 4 DATE: 12-15-97
EPA 9090 Testing Program TESTEDBY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

90 DAY, 50 DEGREE CELSIUS

’

TEST

REPLICATE No.
UNITS 1 2 3 AVG.

VOLATILES

% 0.06 0.09 0.02 0.06

Reference : EPA/600/2-88/052, Appendix G

/me/

J&L TESTING COMPANY, INC MWO050VO.WK4









NOMINAL THICKNESS
ASTM D-5199

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 01-12-98
EPA %090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 120 DAY, 23 DEGREE CELSIUS

THICKNESS [mils]
SPECIMEN : AVG. Percent
No. 1 2 3 4 5 ' Change
J (Initial) 60.0 60.0 60.5 60.5 60.5 60.3
J (Final) 60.8 60.8 61.0 61.0 61.0 60.9 1.03
K (Initial) 61.0 61.0 61.0 60.5 60.5 60.8
K (Final) 61.2 61.5 61.7 61.0 61.2 61.3 0.86
L (Initial) 60.0 59.0 60.0 59.5 58.7 59.4
L (Final) 59.5 60.0 60.5 59.8 59.5 59.9 0.71
A-’)E(af; £ gr -/‘-:..{:i_ fg[), ;/

ey

J&L TESTING COMPANY, INC MWI1223TH.WK4



DIMENSION CHANGES

#

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT:  Gary Works, Indiana DATE: 01-12-98
EPA 9090 Testing Program TESTEDBY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKEDBY: K.U.

SAMPLE: 120 DAY, 23 DEGREE CELSIUS

M

SPECIMEN Length (MD) Width (CD) Percent

No. (mm) (mm) Change
J (Initial) 100.0 100.0 -0.50
J (Final) 99 .5 93.0 -1.00
K (Initial) 100.0 100.0 -0.50
K (Final) 99.5 99.0 -1.00
L (Initial) | , 100.0 100.0 -0.50
L (Final) | 99.5 .. . 99.5 -0.50

A

J&L TESTING COMPANY, INC MW1223DM.WK4



WEIGHT CHANGE

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program

MATERIAL: 60 mil Smooth HDPE
SAMPLE: 120 DAY, 23 DEGREE CELSIUS

JOB No.: 9752180-01
DATE: 01-12-98
TESTED BY: D.T./K.T.
CHECKED BY: K.U.

J&L TESTING COMPANY, INC

SPECIMEN Initial Mass Final Mass Percent
No. (oz/sy) : (oz/sy) Change
J 42.9 42.9 0.00
K | 43.1 43.1 | -0.00
L | 41.9 41.9 [ -0.02
MW1223UW. WK4



DENSITY
ASTM D-1505

#

CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: (1-15-98

EPA 9090 Testing Program (Baseline) TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKEDBY: K.U.
SAMPLE: 120 DAY, 23 DEGREE CELSIUS

#

Standard Floats
Float No. | ensity, g/c| Depth Corr. Depth
1* 0.9322 36.5 33.98
2 0.9494 24.4 21.84
3* 0.9560 15.0 | 17.18
c = - 0.9322
§ = -0.0014

Density = ¢ + s*(specimen depth)

PARAMETER 1 2 3 4 5 AVERAGE
DEPTH 15.0 15.2 15.4 15.2 15.2 15.2
DENSITY 0.9627 0.9624 0.9621 0.9624 0.9624 0.9624

%

J&L TESTING COMPANY, INC M1223DN.WK4



EXTRACTABLES CONTENT
MTM-2

CLIENT: Montgomery Watson JOB No.: 97S2180-01

PROJECT: Gary Works, Indiana ‘ DATE: 01-15-98
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE : CHECKED BY: K.U.

SAMPLE: 120 DAY, 23 DEGREE CELSIUS

Initial Wt. 2.9549 grams
After Extraction 2.9446 grams
% Extractables 0.35

Reference : EPA/600/2-88/052, Appendix E

5

J&L TESTING COMPANY, INC MW1223EX. WK4



HARDNESS
ASTM D-2240

F

CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 01-12-98

: EPA 9090 Testing Program TESTEDBY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 120 DAY, 23 DEGREE CELSIUS
T

POINT No.

REPLICATE ‘ : AVG.
No. 1 2 3 4 5
1 62.0 62.0 62.0 59.0 60.0 61.0
2 61.0 62.0 62.0 61.0 59.0 61.0
3 63.0 62.0 62.0 59.0 61.0 61.4
4 62.0 62.0 60.0 61.0 59.0 60.8
5 61.0 61.0 61.0 59.0 61.0 60.6

&

J&L TESTING COMPANY, INC MW1223HD.WK4



2 % SECANT MODULUS
ASTM D-5323

CLIENT: Montgomery Watson JOB No.:  9782180-01

PROJECT: Gary Works, Indiana ] DATE: 01-12-98
EPA 9090 Testing Program TESTEDBY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 120 DAY, 23 DEGREE CELSIUS

REPLICATE No. :
PARAMETER UNITS -- " AVERAGE | STANDARD
1 2 3 4 5 DEVIATION
2% Secant Modulus (MD) | _psi | 49,313.61 | 55977.61 | 49,313.61 |51,312.81 |51,312.81 | 51,446.09 2435.78
| 2% Secant Modulus (CD)_| _psi__|51,312.81 | 53,312,01 | 52,645.61 | 56,977.61 53.978.41 | 53,645.29 1885.01

™~

J&I. TESTING COMPANY, INC MW 1223MD. WK4

~



NOTCHED CONSTANT TENSILE LOAD
ASTM D-5397

P

CLIENT:
PROJECT:

MATERIAL:
SAMPLE;

Montgomery Watson JOB No.: 9752180-01
Gary Works, Indiana DATE: 01-20-93
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE - CHECKED BY: X.U.

120 Day, 23 DEGREE CELSIUS

J

Average Stress at Yield (Ib/in) = 158.59
Applied Stress (Ib/in) = 47.58
Sample thickness (mil) = 60.7
Notch depth {mil} = 12.1

Minimum required time period = " 200 hrs

Results ; No failures

g

J&L TESTING COMPANY, INC MW I1223NC.WK4



PUNCTURE RESISTANCE
ASTM D-4833

CLIENT: Montgomery Watson JOB No.:

PROJECT: Gary Works, Indiana DATE:
EPA 9090 Testing Program ‘FESTED BY:
MATERIAL: 60 mil Smooth HDPE CHECKED BY:

SAMPLE: 120 DAY, 23 DEGREE CELSIUS

975218001
01-12-98
D.T./K.T.
K.U.

REPLICATE No.
PARAMETER UNITS AVERAGE |STANDARD
1 2 3 4 5 6 7 8 9 10 DEVIATION
Thickness it | cos0 | 61.00 | 61.00 | 60.00 | 61.00 | 61.00 | 60.00 | 61.00 | 61.00 | 61.00 60.83 0.37
Puncture Resistance o | 129.92 | 131.00 | 130.00 | 130.35 | 132,80 | 131.87 | 130.85 | 133.72 | 128.25 | 131.00 | 131.42 1.73
| Puncture Resistance | lb/in _|2147.44 |2147.54 |2131.15 12172,50 |2177.05 |2161.80 |2180.83 |2192.13 2102.46 |2147.54 | 2160.30 29.51

~Q

J&L TESTING COMPANY, INC MW [223PR.WEK4

~



TENSILE PROPERTIES
ASTM D-638

;

CLIENT: Montgomery Watson JOB No.:
PROJECT: Gary Works, Indiana _ . DATE:
EPA 9090 Testing Program TESTED BY:

MATERIAL: 60 mil Smooth HDPE CHECKED BY:
SAMPLE: 120 DAY, 23 DEGREE CELSIUS '

9752180-01
01-12-98
D.T./K.T.
K.U.

r

" REPLICATE No. _‘
PARAMETER UNITS AVERAGE | STANDARD
1 2 3 4 5 DEVIATION
Yield Strength (MD) bfin | 16129 | 159.48 | 15875 | 149.68 | 154.44 156.73 4.1814
Elongation at Yield (MD)| % 20.00 20.00 19.23 18.46 20.00 19.54 0.6154
Break Strength (MD) lbin | 284.15 | 27629 | 28456 | 271.85 | 280.65 279.50 4.8432
Elongation at Break (MD)| % 807.35 | 79298 | 827.43 | 82444 | 82571 815.58 13.4143
Yield Strength (CD) bfin | 16835 | 16270 | 155.04 | 15242 | 154.44 158.59 6.0006
Elongation at Yield (CD) | % 18.46 18.46 18.46 19.23 18.46 18.62 0.3077
Break Strength (CD) bin | 279.92 | 280.65 | 268.83 | 264.52 | 273.47 273.48 6.2414
Elongation at Break (CD) | __ % 880.74 | 883.51 | 878.94 | 861.65 | 858.98 872.76 10.3034
&
J&L SSTING COMPANY, INC MW 1223TP.WK4

—~



TEAR RESISTANCE

ASTM D-1004

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana

EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 120 DAY, 23 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
- CHECKED BY:

9752180-01
01-12-98
D.T./K.T.
K.U.

REPLICATE No.

PARAMETER UNITS AVERAGE STANDARD

1 2 3 4 5 DEVIATION
Thickness (MD) mils 60.00 61.00 61.20 62.00 60.00 60.84 0.7632
Tear Resistance (MD) - Ib 50.32 50.63 53.78 55.16 52.17 52.41 1.8457
Tear Resistance (MD) 1b/in 838.67 830.00 878.76 889.68 869.50 861.32 23,1052
Thickness (CD) mils 61.00 61.00 61.50 61.00 59.50 60.80 0.6782
Tear Resistance (CID) 1b 51.25 52.70 52.16 50.87 48.96 51.19 1.2884
Tear Resistance {CD) ib/in 840.16 863.93 848.13 833.93 822.86 841.80 13.8085

NG
J&L TESTING COMPANY, INC MW1223TR. WK4

~—



TOTAL VOLATILES

MTM-1
CLIENT: Montgomery Watson - JOBNo.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 01-12-98

EPA 9090 Testing Program TESTEDBY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.
SAMPLE: 120 DAY, 23 DEGREE CELSIUS '

' REPLICATE No.
TEST UNITS 1 2 3 AVG.

VOLATILES % 0.06 0.09 0.04 0.06

J&L TESTING COMPANY, INC

Reference : EPA/600/2-88/052, Appendix G

| /%6216/

MW1223VO.WK4









NOMINAL THICKNESS
ASTM D-5199

CLIENT:
PROJECT:

MATERJIAL:
SAMPLE:

Montgomery Watson JOB Neo.: 9752180-01
Gary Works, Indiana DATE: 01-12-98
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.1.

120 DAY, 50 DEGREE CELSIUS

J&L TESTING COMPANY, INC

THICKNESS [mils]
SPECIMEN AVG. Percent
No. 1 2 3 4 5 Change
V (Initial) 59.5 60.5 60.5 60.0 60.5 60.2
V (Final) 60.5 60.0 60.0 60.5 60.5 60.3 0.17
W (Initial) 61.0 60.0 61.0 61.5 61.0 60.9
W (Final) 60.5 61.0 61.5 61.0 61.0 61.0 0.16
X (Initial) 60.0 60.8 60.8 60.4 60.5 60.5
X (Final) 61.0 60.5 60.0 60.5 61.0 60.6 0.17
PT'U':"J":': :/J{ GOé 37

Jof |7

MWI1250TH.WK4



DIMENSION CHANGES

F

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana
EPA 9090 Testing Program

MATERIAL: 60 mil Smooth HDPE
SAMPLE: 120 DAY, 50 DEGREE CELSIUS

JOB No.: 9752180-01
DATE: 01-12-58
TESTED BY: D.T./K.T.
CHECKEDBY: K.U.

#

SPECIMEN Length (MD) Width (CD) Percent

No. (mm) (mm) Change
V (Initial) 100.0 100.0 -1.00
V (Final) 99.0 99.0 -1.00
W (Initial) 100.0 100.0 -1.00
W (Final) 99.0 99.0 -1.00
X (Initial) 100.0 100.0 -1.00
X (Final) 95.0 99.0 -1.00

1&L TESTING COMPANY, INC MW1250DM.WK4



WEIGHT CHANGE

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 01-12-98
EPA 9090 Testing Program ~ TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 120 DAY, 50 DEGREE CELSIUS

SPECIMEN Initial Mass Final Mass Percent
No. (oz/sy) (oz/sy) Change

v 42.4 42.4 -0.01

W l 43.0 43.0 [ 0.00

! X | 427 42.7 | -0.04

J&L TESTING COMPANY, INC MW1250UW.WK4



DENSITY

ASTM D-1505
| —
CLIENT: Montgomery Watson JOB No.: 9752180-01
PROJECT: Gary Works, Indiana DATE: 01-15-98

EPA 9090 Testing Program (Baseline) TESTED BY: D.T./K.T.
MATERIAL: 60 mil Smooth HDPE CHECKEDBY: K.U.
SAMPLE: 120 DAY, 50 DEGREE CELSIUS '
{5
‘Standard Floats
Float No. | emsity, g/c| Depth (Corr. Depth
1* 0.9322 36.5 33.98
2 0.9454 24.4 21.84
3* 0.9560 15.0 17.18
c= 0.9322
s = -0.0014

Density = ¢ + s*(specimen depth)

|
PARAMETER 1 2 3 4 5 AVERAGE
DEPTH 15.0 15.0 14.9 15.1 15.0 15.0
DENSITY 0.9627 0.9627 0.9628 | 0.9625 0.9627 0.9627

4

J&L TESTING COMPANY, INC MI1250DN.WEK4



EXTRACTABLES CONTENT
MTM-2

CLIENT: Montgomery Watson JOB No.: 9782180-01

PROJECT: Gary Works, Indiana DATE: 01-15-98
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U.

SAMPLE: 120 DAY, 50 DEGREE CELSIUS

Initial Wt. 3.0430 grams
After Extraction 3.0364 grams
%Extractables ' 0.22

Reference : EPA/600/2-88/052, Appendix E

e

J&L TESTING COMPANY, INC MW 1250EX. WK4



HARDNESS
ASTM D-2240

#

CLIENT: Montgomery Watson JOB No.: 9752180-01

PROJECT: Gary Works, Indiana DATE: 01-12-98
EPA 9090 Testing Program TESTED BY: D.T./K.T.

MATERIAL: 60 mil Smooth HDPE CHECKEDBY: K.U.

SAMPLE: 120 DAY, 50 DEGREE CELSIUS

M

POINT No.
REPLICATE! AVG.
No. 1 2 3 4 5

1 62.0 60.0 61.0 62.0 61.0 61.2
2 62.0 61.0 58.0 58.0 59.0 59.6
3 63.0 62.0 .62.0 60.0 60.0 61.4
4 60.0 60.0 60.0 62.0 63.0 61.0
5 60.0 60.0 60.0 59.0 58.0 59.4

p

J&L TESTING COMPANY, INC MW1250HD.WK4



2 9% SECANT MODULUS
ASTM D-5323

CLIENT!
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson
Gary Works, Indiana
EPA 9090 Testing Program
60 mil Smooth HDPE
120 DAY, 50 DEGREE CELSIUS

JOB No.:
DATE:
‘TESTED BY:
CHECKERD BY:

9752180-01
01-12-98
D.T./K.T.
K.U.

REPLICATE No. |
PARAMETER UNITS AVERAGE | STANDARD
{ 2 3 4 5 DEVIATION
2% Secant Modulus (MD) | psi | 47,314.41 | 49,980.01 | 51,979.21 | 46,640.01 | 45,981.61 48,379.05 2255.20
2% Secant Modulus (CD) | psi__ | 49,980.01 | 49,980.01 |51,312.81 | 54.644.81 | 55,977.61 52,379.05 2479.15

J&L TESTING COMPANY, INC

MW 1250MD.WK4



CLIENT:
PROJECT:

NOTCHED CONSTANT TENSILE LOAD

ASTM D-5397
Montgomery Watson JOB No.: 97S2180-01
Gary Works, Indiana DATE: 01-20-98
EPA 9090 Testing Program TESTED BY: D.T./K.T.
60 mil Smooth HDPE : CHECKED BY: K.U.

MATERIAL:
SAMPLE:

120 Day, 50 DEGREE CELSIUS

’

Average Stress at Yield (Ib/in) = 162.5
Applied Stress (Ib/in) = 48.75

Sample thickness (mil) = 60.6

Notch depth (mil} = 12.1
Minimum required time period = 200 hrs

Results : No failures

5
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PUNCTURE RESISTANCE
ASTM D-4833

CLIENT: Montgomery Watson
PROJECT:  Gary Works, Indiana
EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE
SAMPLE: 120 DAY, 23 DEGREE CELSIUS

JOB No.: 9752180-01
DATE: 01-12-98
TESTED BY: D.T./K.T.
CHECKED BY: K.U.

REPLICATE No.
PARAMETER UNITS AVERAGE |STANDARD
1 2 3 4 5 6 7 8 9 10 DEVIATION
Thickness s | 60.50 | 6100 | 61.00 | 60.00 | 61.00 | 61.00 | 60,00 | 61.00 | 61.00 | 61.00 60.83 0.37
Puncture Resistance b | 12092 | 131.00 | 130,00 | 130.35 | 132.80 | 131.87 | 130.85 | 133.72 | 128.25 {131.00 | 13142 1L.73
Puncture Resistance Ib/in  |2147.44 |2147.54 [2131.15 |2172.50 {2177.05 |2161.80 2180.83 12192.13 }2102.46 |2147.54 | 2160.30 29.51

~N3

J&L TESTING COMPANY, INC MWI1223PR.WK4



TENSILE PROPERTIES
ASTM D-638

F

CLIENT:
PROJECT:

MATERIAL:
SAMPLE:

Montgomery Watson JOBNo.: 9752180-01
Gary Works, Indiana DATE: 01-12-98
EPA 9090 Testing Program TESTEDBY: D.T./K.T.
60 mil Smooth HDPE CHECKED BY: K.U.

120 DAY, 50 DEGREE CELSIUS

N

- REPLICATE No._ _‘

PARAMETER UNITS AVERAGE STANDARD

1 2 3 4 5 DEVIATION
Yield Strength (MD) Ib/in 168.67 162.38 152.50 152.70 160.81 159.41 6.1523
Elongation at Yield (MD)| % 19.23 19.23 20.00 20.00 20.77 19.85 0.5756
Break Strength (MD) lb/in 274.52 282.98 271.01 276.90 276.33 276.35 3.9040
Elongation at Break (MD)j % 800.73 827.53 805.84 824.30 816.42 814.96 10,3263
Yield Strength (CD) Ibfin 163.91 167.22 159.56 159.60 162.22 162.50 2.8783
Elongation at Yield (CD) % 19.23 20.00 18.46 19.23 19.23 19.23 0.4865
Break Strength (CD) Ib/in 268.83 275.00 277.26 267.14 301,05 271.85 12,1881
[Elongation at Break (CD) % 835.21 852.04 881.95 848.70 934.08 870.39 35.3120

J&L TESTING COMPANY, INC

MW 1250TP.WK4



TEAR RESISTANCE

ASTM D-1004

CLIENT: Montgomery Watson
PROJECT: Gary Works, Indiana

EPA 9090 Testing Program
MATERIAL: 60 mil Smooth HDPE :
SAMPLE: 120 DAY, 50 DEGREE CELSIUS

JOB No.:
DATE:
TESTED BY:
CHECKED BY:

9752180-01
01-12-98
D.T./K.T.
K.U.

AN

™ J&IL TESTING COMPANY, INC

‘_ REPLICATE No. ‘,
PARAMETER UNITS AVERAGE | STANDARD
1 2 3 4 5 DEVIATION
Thickness (MD) mils | 60.00 61.00 61.00 60.00 60.00 60.40 0.4899
Tear Resistance (MD) | _1b 51.98 52.81 53.42 52.86 52.67 52.75 0.4613
Tear Resistance (MD) Ib/in 866.33 865.74 875.74 881.00 877.83 873.33 6.1887
Thickness (CD) mils | 61.50 61.20 61.00 61.00 61.00 61.14 0.1960
Tear Resistance (CD) ib 51.78 53.51 52.12 51.47 52.17 52.21 0.6975
Tear Resistance (CD) Ib/in 841.95 874.35 854.43 843.77 855.25 853.95 11.5370
MW1250TR. WK4



TOTAL VOLATILES
MTM-1

f

CLIENT: Montgomery Watson JOB No.:
PROJECT: Gary Works, Indiana DATE:

EPA 9090 Testing Program TESTED BY:
MATERIAL: 60 mil Smooth HDPE CHECKED BY:
SAMPLE: 120 DAY, 50 DEGREE CELSIUS

REPLICATE No.
TEST UNITS 1 2 3 AVG.
VOLATILES % 0.06 0.06 0.05 0.06
]

J&L TESTING COMPANY, INC

Reference : EPA/600/2-88/052, Appendix G

9782180-01
01-12-98
D.T./K.T.
K.U.

/Xfem/

MW1250VO.WK4









J&L TESTING COMPANY, INC.

GEOTECHNICAL AND GEOSYNTHETICS MATERIALS TESTING AND RESEARCH

September 22, 1999
99G2410-01

Montgomery Watson
One Science Court

P.O. Box 5383

Madisor, WI 53705-0383

Attn:  Valeri J. Ranguette, P.E.

RE: BIOLOGICAL CLOGGING TEST RESULTS
US STEEL - GARY WORKS
CAMU DESIGN
WORK ORIDER No. WI1

Dear Ms. Ranguette:

J&L Testing Company, Inc. {1L.T) ispleased to submit the results of the biological clogging
test performed on a non-woven needle-punched polypropylene geotextile supplied by Geosynthetics.
Inc. The geotextile was heat treated (calendered) on one side and had an average thickness of 83
mils. The leachate used for this test was a synthetic leachate supplied by Core Laboratories.

The test was performed per ASTM D-1987 titled “Biological Ciogging of Geotextiles or
Soil'Georextile Filters " using Methnd A - Constant Head Test.

TESTSETUP

The cross sectional area of the test chamber was 81.07 cm” (diameter = 4 inches) and the
fabric was oriented with the calendered side down gradient of the flow. The geotextile specimen had
an average thickness of 83 mils and ranged from 81 to 85 mils. The fabric rested on a No. 4 stainless
steel screen and the periphery sealed with a closed foam rubber compression O-ring. The entire
svsterm was sealed and the air replaced with nitrogen to nsure anaerobic conditions.

TEST PROCEDURE

Flow through the system used a sealed variable speed pump that discharged the synthetic
leachate into the inlet head control reservoir. The leachate flowed down through the geotextile
exiting through the base into a variable head outlet overflow port. Both the inlet and outlet units
were fitted with manometers which measured the head differential across the specimen.
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Ms. Valeri J. Ranguette, P.E. . Page 2
U.S. Steel-Gary Works (CAMU Design) , September 22, 1999

During the first six (6) days of testing, flow was continuous. At the end of the 6 day, the
flow was terminated but the specimen was maintained in a saturated anaerobic state between
readings. For subsequent readings, through 90 days, the flow was resumed and allowed to stabilize
over an approxirhate 30-minute period before data was collected. Flow measurements were taken
first at 2 inches; then 4 inches; and, finally, at 8 inches head differential. The enclosed data sheet
presents the data for each reading, the elapsed time in days, the head, the flow, the time and the
temperature of the test fluid.

The last three columns of data present the temperature correction factor for 20°C, the
computed flow rate in gpm/sf and the permittivity based on the noted sample properties. The second
data summary table presents the test points as plotted on Figure 1.

TEST RESULTS

The data on Figure 1 presents the relationship between flow rate and elapsed time over the
prescribed 90-day period for each of the three (3) test gradients. It is interesting to note that flows
decreased significantly after 6 days when flow was terminated between readings as recommended
by ASTM D-1987, Section 19.1.13.

Upon disassembly of the unit, the up gradient side of the geotextile had a thin coating of a
dark gray gelacious matter on the fabric surface. This thin veneer, which coated the fibers, clearly

accounted for the reduction of flow over time.

All testing was performed in accordance with the above referenced ASTM standard and
subject to JLT’s internal QA/QC and data validation procedures.

We appreciate the opportunity to provide our services and look forward to working with you
again. Should you have any questions, comments or require additional information, please call.
Thank you.

Sincerely,

J &/L_'I%ESTING COMPANY, INC.

.

Boschuk, Jr., P.E., REP
echnical Consultant

Enclosures
IBirdg
\wp80\lener\95257



90 DAY BIOLOGICAL CLOGGINGTESY @ e ——
FLOW RATE vs ELAPSED TIME @ 2" Gradient

ASTM D-1987 METHOD A - CONSTANT HEAD

ANAEROBIC CONDITIONS + 4° Gradient

A B" Gradient

B oom s e . - . ! 4 [ e r i - 1 g

US Steel - Gary Works
! . CAMU Design
B Geotextile: Geosynthetics Inc.
i i Synthetic Leachate: Core Laboratories
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FL.OW - gal/min-sqft

1 10 100
ELAPSED TIME - days
J & L TESTING COMPANY, Inc. FIGURE 1
Montgomery Watson US Steel - Gary Works MWBIQ.WKA4/Disk MontWat-1
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BIOLOGICAL CLOGGING CONSTANT HEAD TEST RESULTS
GEQOTEXTILE AND SYNTHETIC LEACHATE
ASTM D-1987 - Method A
TEST RESULTS OVER 90 DAYS T SAMPLE PROPERTIES
Sample Area Avg Thickness of Geolextila
00873 | sqft | 83 | il
8107 | cm2 02108 | em FIGURE 1 DATA POINTS
DATE Elapsed Time HEAD Head FLOW TIME TEMP TEMP. RATE PERMITTIVITY ELAP TIME FLOW - galimln-sqit
o Days Inches emn L sec -Degrees G | CORFACT | gpmisqft sech-1 . DAYS 2 9" g
21099 1 2 14.3 1158 19.457|  0.0548 1] __19.457| 30634 40750
1 1 14.3 1,158 30,654| 0.0432 : 3] 18.861| _ 29.486| 40249
B 143 [ 1458 |  40.750; 0.0287 8| __16.756; 26,751] 38313
Jizee | TTTAITTE 18.0 1.051 18.861|  0.0531 8| "12.088| 21208 31.265
34 180 1.051 23.486| 0.0415 15| 10.547| 30.366]  20.690
,,,,,,,, 3 B 18.0 1.051 40,249]  0.0284 20| 10.087] 20.038] _ 29.661
2-15.89 5 2 14.2 1.161 16.756 | 0.0472 75 B757| 19.267| 28,860
6] 4 14.2 1,161 26.751| 0.0377 30 7.811| _19.038| 28.218
6 8 14.2 1.161 38.313| 0.0Z70 35 7415  17.735| 26.330
33799 al "2 —_ 155 1,122 12.088| 0,0341 40 7111] _16919)  23.836
g 4 18.5 1132 21.208] 0.0299 50 6.218|  12062| 20563
N a8 8 15.5 1.122 31,265  0.0220 80 4,218 9.934| 15033
2 14§ | 4158 10.547| _ 0.0747 70 3517 8.431)  13.630
AT 14.3 1,158 20.366| 0.0287 80 3.200 7.488|  12.149
8 143 1.158 30.540| 0.0215 50 3,038 7.123]  11.540
3 142 1,161 10.087|  0.0284
! 14.2 1.161 20.038| 0.0282 |
8 14.2 1.161 206911 0.0209
z 14.2 1.161 8.757:  0.0247 PERMITTIVITY FOR CONSTANT HEAD TEST
4 : 142 1.161 18,267 | 0.0271
R 517 8 2032 2243 14.21] 142 1.161 28.660| 0.0202 q
31189 30| =2 ¢ 508 602 14.00] 14.1 1.164 7.811 0.0220 _
0] 4 10,16 481 1493 147 1,164 19.038| 0.0268 ¥ Alah)
30 8 | 2032 2323] 1431 141 1,784 28.219] 0.0189 .
33699 35|72 5.08 566 1445|158 1113 7.115| _0.0200 Where ‘¢ = Permitivi B
35| 4 1016 | __1443| 1478|158 1.013 17.735|__0.0250 = Permittivity  sec™)
. 5] B __ | 2082 2080 1435|158 i3 26.330|_ 0.0185 q = Flow Rate {cm?/sec)
3-21-98 0, 2 5.08 561 14,33 157 1.118 7.191|_ 0.0200 .
d0] 4 |08 1344 14.43| 157 1.116 16.918] 00238 A = Area of Geotextile (em’)
-40 8 | 2032 1983 14.96] 157 1.118 73.826( 0.0168 Ak = Head across Specimen (cm)
33108 60| "7 508 482 1408] 168 1,085 5.218| _0,0175
) U 4| 108 1008 1414|168 1.085 12.962|  0.0183
B 50 B 20,32 1578 i3.04] 16.8 1.085 20.563i  0.0445
4108 60| 2 | 508 339 1460 8.7 1.033 4218 0.0118
60| 4 048 799 1481 187 1.033 8.934] 0.0140
B0 & 2032 1235 14.08| 187 1.033 15633 00112
42099 70] 2 5.08 286 1477 19.8 1.005 3.517| _0.0088
: 70| 4 10,18 660 14.221 19.8 1.005 8,431 ©.0119
70| 8 20.32 1094 1458 19.8 1.005 13,630] 0.0096 .
T4-30-99 Y 2 5.08 248 14.08| 19.8 1.005 5300] 0.0090 gin‘:‘:,eg' es%‘::y Works
T a6; 4 1016 | 601 14.58|  19.8 1.005 7.488|  0.0105 .
8o 8 5032 | eas| " 1a.13| 19.8 1,005 12.149|__0.0086 Geotextile: Geosynthetics Inc. )
5-10-99 90 2 5,08 236 411 _19.8 3.005 3.038| 0.0086 | Synthetic Leachate: Core Laboratories
T g0l 4 | 1836 558 14.23] 19.8 1,065 71237 0.0100__|
90 8 2032 | 904] 14.23| 108 1.065 11530 0.0081 ]
J LT J & L Testing Company, Inc.
US Steel - Gary Works ' MWBIO WK4/Disk MontWat-1

§ Montgomery Watson,
SR
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